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FOREWORD

In 1962, under the Civil Lefense Shelter Program, large quantities of
food were stored in warehouses or in selected shelters fse possible need
during a national emergency. The typss of food, which had not besen pro-
cured previously, represented new formulations and new processing pro-
cedures. As a result, there was little or no information available on
the stability of these foods and their containers when stored for extended
periods.

This study was proposed to simulate conditions likely to exist in
these shelters and to collect daita at selected intervals that would pro-
vide current guidance as to the effect of long storage on foods and the
containers in which they are stored.

On 20 June 1962, Contract DA19-129-QM-2050 was awarded by the U. S.
Army Natick laboratories * . the Georgia Experiment Station, Univsrsity
oi Georgia, tc provide the facilities for the study and collect the re-
quired data. Authorization for this contract is incluaed in Work Order
Number OCD-0S-62-156 between the Department of the Army, Office of the
Secretary of the Army, Office of Civil Defense, and the Department of
the Army, Army Materiel Comma:d.

This report contains the work performed under the above contract.
However, the storage study will be continued under the direction of the
Office of Civil'Defense lead laborstory, Stanford Research Institute,
until the stock of rations in storage is exhausted or falls below the
acceptable range.

Project Officers for this contract were Mr. Jesse Hill, General Equip-
ment and Packaging laboratory, and Mr. Otto J. Stark, Food laboratory,
both of the U. S. Army Hatick lLaboratories.

EDWARD A. NEBESKY, Ph.D.
Acting Director
General Equipment & Packaging Laboratory

APPROVED:

DALE H. SIELING, Ph.D.
Scientific Director

CLIFFORD T.' RIORDAN..
Colenel, QMC
Commanding
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ABSTRACT

Results are reported on the stability of ten lots of fallout shelter
cersal rations stored for 4 years and 3 lois of carbohydrate supplement
stored for 3 years at 100°F/80% r.h., 180°/57%, 70°/80%, 70°/57%, 40°/57%,
and J°/ambient r.h. Rations include 4 lots of curvival crackers, 4 lots
of survival biscuits, 2 lots of bulgur wheat wafers, and 3 lots of mixed
lemon ard cherry flavored hard candies. Data include A8-month and 36-
month values, respectively, for (1) bursting strength, moisture content,
end general conditions of V3c fiberboard cases; {2) residual oxygen,
leaking, corrosion, and coating defects of 2-1/2-gallon and 5-gallon
metal cans; (3) breakage and general condition of package seals, seams
end materials, and product units; (4) fracture strength, peroxides, and
free fatty acids of wheat products; (5) pH and sugar contents of carbo-
hydrate supplements; and (6) moisture content, color, sensory quality, and
hedonic ratings for a” . products. Results of all examinations of stored
rations, initially and through 36 and 48 months, are discussed.

[ — - L e e et I O omk A el A




i)
PO

T 4 i adis
o e Rt B N AS

i ¢ ot Vst

v Nk T T N R TR 2
O g LTty by o i ot DR s i TR SRS SIS S

) STORAGE STAB. .iTY OF CIVIL DEFENSE SHELTER RATICNS
{(ANNUAL REPORT)

Introduction

A storage study was conducted over a four-yesr period to determine
the stability of a variety of Civil Defense shelter rations. During this
pericd, 10 cereal items were deposited in storage over an interval of four
months. In addition, 3 carbohydrate supplements were stored for a three-

year term. Determinations were also made of the stability of packsging
materials in which the rations were stored.

Items stored for L4 years were:

Crackers Contract Biscuits Contract Bulgur Wafers Contract
code number code number code number
CD1 2692-62 cpR 2686-62 cD9 2o5k-62
CD3 2669-62 CD4 269462 ("white" wheat)
cD5 2687-62 ché 2688-62 ¢D10 226462
cD8 2691~62 CDT 2687-62 ("red" wheat)

Carbonydrate sunplements, stored 3 years, were:
Code Contract Number
Ch11l 24018-63
CD12 24016-63
CcD13 24023-63
Storage conditions for the period were:
Code Temperature Relative Humidity
OF percent
100/80 99.9, +1.3, -1.3 81.0, 45.5, =3.9
100/57 100.1, +1.5, -1.5 58.0, +4.0, -2.6
70/80 70.0, +2.0, =0.8 80.6, +3.0, -2.b
70/57 69.9, +1.0, -1.0 57.8, +2.1, -1.9
)40/57 ,4006, """-3’ "103 6002, +10.3, "346
0/embient 0.k, +8,5, -1.6 ambient

The unususlly large deviations abcve the means were incurred as e
result of transferring all of the storage ssmples to new facilities in
& nev building; these included fluctuationw: in atmospheric conditions during

the transfer and during the subsequent periods of adjustment in the six
storage rooms.

Semples withdrawn for examination at the end of the respective fourth-
year or third-year pericds consisted of one case and two cans from each

ase




of the six storage corditions for each item. Basic procedures and sample
replications for the various observations and determinations included in
the examinations are given with the results and data reporited telow.
Statistical treatment of data employed standard procedures for analysis
of vaeriance, multiple range testing for significance, snd calculation

of simple correlation coerficients.

Methodr and Results

I. Fiberboard (V3c) Cases

Entire cases were used in sll examinstions excepting thoee for biscuit
Cl4 and crackers CD3 and CD1. These three items were packed in 2-1/2-gallon
cans, six cans per case, and only 1/3 case was available for each withdrawsl
from storage. Samples at 48 months for CD4 and CD3 were the first third
of newly~-opened cases; those for CD1 were the remeinder of cases previously
sampled at 24 and 36 months.

Ten 4-inch squares were cut from available locations on side and enmd
panels of each case and placed in sealed containers before removal from
the storage room. Containers were then removed to a 73°F condition,
allowed to equalize st this temperature, and bursting strength determined
as repldly as possible after opening the container, using a manuslily oper-
ated Mullen-type tester.

1. Bursting strength (Table 1)

As indicated by the comparative dats in Table 1, bursting strength
continued to exhibit an inverse relationship to storage temperature. De-
creases at 100°F have been definite and progressive, with much less definite
trends for moderate increases st 4O and OOF. Results from TO°F and from
O°F have been quite variable, averages generally remaining near initial at
TOO and failing to show proportional increases at O°.

Temperature Bursting Strength, changes from initisl values (ibs.)
Cereal Item Cases Carbohydrate Supplement Cases
1 2 3yr & I lyr 2yr 3yr &
100 I‘EI -TE =91 -1%5 50 58 k2T O1 33
T0 -1 <16 211 -21 40 -1 12 7 34
Lo 22 22 37 L3 33 6 18 1 21
0 20 37 51 28 42 ~12 33 18 58

Tere have been suggestions of lower bursting strength at the higher
relative humidities in several sets of these data, as in those for 48 months
in Table 1, and correlations between higher moisture and lower bursting
strength have been variously observed. However, neither of these relation-
ships hes exhibited any consistent degree cf significance.
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Supplement CD12 was the only item with initial bursting strength
below 40O psig (av. 365). As seen in Table 1, all samples held four years
at 100°F were below this specification (20% being below 300). and four
of ten samples from 70°/80% were also below the stated minimum.

2. Yoisture Content (Table 2)

Samples for moisture determination were obtained at the same time and
in the same manner as those for bursting strength. Moisture was calculated
from weight losses of 5-grams of chopped fiberboard after heating 5 hours
at. 100°C under a 29-inch vacuum.

Levels of moisture in cases from the six storage conditions are given
in Table 2. Although recorded temperatures and relative humidities aver-
aged approximately the same s&s for the previous year, and the within-rocns
range of the 13 items was 1.1 T 0.4% for both years, levels in the new
storage rooms averaged 2.9% higher at 1000/80%, 1.1% higher at 100°/70%
and 2.2% higher at 0°/ambient. These rooms have different types of heat
and moisture control svstems from those in the older rooms used previcusiy.
On the other hand, the new 70° and 4LO°F rooms are eseentiallx the same as
the older rooms, and moisture averages differed by only 0.1 T 0.4%. Thus,
though averaging approximately the same at the point of location of the
recorder (which was placed in all instances neer the center of the *load"
of ration cases), it is obvious that overall equilibris of the rooms varied
with the type and location of control equipment.

A surmary of average conditions recorded during the weeks when
sampling was done, and results as shown in Table 2, is as follows:

100.0°/79.8%; range 11.4-12.2, mean 11.6% 70.1Y57.3%; range 7.5- 8.2, mean 7.7%
70.00/80.%; range 10.9-12.5, mean 11.9% 99.1957.2%; range 7.7- 8.5, mean 8.1%
-0.4°/am cent, range 13.5-15.1, mean 14.4% 40.4°/59.1%, range 8.7-10.0, nean 9.3%

As grouped, these correspond to four different types of control
equipment. The effects of the "wetter" atmospheres on moisture content
of the fiberboard are readily apparent, but assumption of any teuperature
influence would be extremely questionable.

3. General Condition of Cases

With the excention, noted above, that none of the cereal item cases
and only a third of supplement ceses stored at 1000F retain the specified
minimum A00 p3ig bursiing strength, with about 25% of the 70°F cases also
wnder this minimun, the genrrai condition of cases remained adequate for
contlinuad stcerage aifter four years. All showed some evidence of staining




ns.stsn«.aﬂuxﬂuﬁw.?i Tl e el

*SWOOd UT SWRYT JOF ¥ET°0 ‘suvem WeqT IOF FOT O 9I8M §8OULIIIITD gcdoﬂmﬂcmﬂmp
*SWOOI UT SWe}T I07 YET'O ‘suvem wel1 JOF FHZ° () 9I9M S8OUSISIITP JUBLITITUAT g

LZ°0T SE€°0T LO°OT 6E£°0T qUesi
T 6T 80° T §G ‘°JTP UdYS
90° 80° %0° 90° sdax g ‘-Adp-pis
LL €T oYt G €T 6°€T que/o
U6 26 6'8 €6 LS/o%
1974 Ll 9°L 94 LS /0L
6T°TT €11 5°0T €11 08/04
| 228 2’8 18 %8 LS Jo0T
] T 6°TT $TTT 6°TT 08/00T
3
P - UsoN  £Td) T Trdo \

SUJUOK 9 pOxoqg sasw) qusuweTddng avapfyoqae) g |

T Re -

‘ 9$°0T 2%°0T SY°0T 9%°0r S$9°0OT 6E€°0T 88°0T %9°0T 2%°OU LL°OT 5%°0T! BUBAH
w LT T -4 S § o1* o 9e* 80° ot* 80"  ¢0° g$ ‘°JTprudts
| 90° S0 S0° s0* so- 60" TU €0° 0 e %0 sdox g ‘-Asp‘p3s |
| 8¢t 8t 6T 8 8%t oWr TSt LT LT evT 8TET que/o '
b £°6 T°6 1°6 S*6 7°6 9°6 86 L8 0°0T §°6 LS/of !
L9°L 5L S°L $*L L'L SL LL 9L 9L z'8 6L LS /0L ".
80°2F ¥TT 4°TT 8TT  eter feT TRt oter Trer ster Ten 08/0L w
TO'8 8L 8L 8L T8 Ll $'8 T8 T8 z'8 08 LS /00T .
6$°TT  W'TT 9T 9°TT 9TT §CTT 2T 9TT ¥TT WTT ST 08/00T “
weoN  OTao &a0 8@ I@d__ gmn %@ Zad #ao g0 Tad U gl ”
SUJUOW 87 PBJ03g mom_mo w593 1¥8UM VY UoOTITPUOD '

(tuedged)
quvoguEdId €A J0 INIINOD FUALSIOR

¢ JIgvl




/

B e - - s -~ ——

and "wear" . : result of active use of tae storage rooms, and of two or

three necessary transfers or re-stackings during this period, buv the ‘
resulting "slightly used” appeerance has had practically no influence o1

their function as containers for the ration cans. Certain of the minor .
imperfections observed during the most recent examinations are given -
below; ratings for extent, where given, are on a 9-point scale.

Ioose Seals. There has t2en no evidence of progressive loosening of
seals in siorage. Wnhile no completely unsealed flaps have been observed,
geveral instances of partial spreading of adhesive have been noted, with
no apparent association to time or storage condition. From all examina-
tions to date, three items (CD2, 6, and 12) have had no inadequately
glued flaps, while about 65% of the flaps of items CD5, 7 and 11 were
unglued around the edges, resulting in s’ight "freying" with handling
of the cases. The other seven items average about 12§ of such partially
loose flsps, again with nc impairment of case function other than slight
damage to the edges of some of the flaps.

Delamination. Of the approximately 500 cases examined during the
period of the study, about 5% have had slightly delaminated areas in
loose {lap corners. Only three cases have exhibited panel delamination,
all three from 70°/80% storaze. These were CD1 at 3 years, rating 1.5;
CUi st 3 years, rating 2.0, and CD6 at 2 years, rating 4.0. These were,
however, only 3 of 65 cases examined from the 70°/8C% condition, so
delamination is apparently not a serious problem in the V3¢ cases.

Mold, Small aisas of very light mold were observed on the outside
and inside surfaces of some of the cases. Percentages of cases examined
and average rating for severity of molding, were as follows:

ist _and 2nd years 3rd year 4th year
cases extent cases extent cases extent
4 0-9 3 0-9 3 0-9
Qutside Mold
100°/807 ) .9 8 .3 -
70°/80% 15 1.0 31 A L0 .3
57% rooms - - n K
Inside Mold
100°720% 1 .5 23 .5 10 .6
70°/80% 8 7 5k 7 4O -9
57% rooms 3 .5 3 .2 10 A4

Practicaily ail. of the molded areas were on or near the bottoms
of the cases, very few exceeded a few millimeters in diameter, and thers
was little or no damege to the cases. Many of the spots were small
enough to pass unrnoticed except on very close inspection.
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Sweating of Cases. Moisture staining of outside surfaces of cases
remained very sligh:, and with cereal 1tem cases, was becoming somew.at
difficult to differentiate from general staining and slightly soiled
areas incurred in long storage and relatively frequent handling. Average
rating for sweating «{ carbohydrate supplement cases was 0.5 t 0.3 which
is very low, and there was no significant difference among caces from the
various storage conditions. This apparent reduction in staining resulted
from the fact that the cases which had initially become stained from
storage too near the doors, corners ef "control areas of the original
smaller rooms had been vtili_ed on previous examinations, before trins-
ferring to the new and larger rooms. The older and more frequently handled
cereal item cases averaged slightly higher, 0.8, with some difference among
storage conditions. For these cases, staining averaged 1.3 * 1.0 from
70°/80% storage, 0.3 t 0.3 from 100°/80% and 40°/57% storage, and 0.6 *

0.3 from the cther conditions. None of the staining was severe enough to
detract from further utility of the cases.

Sweating of Gans in Cases. Evidence of sweating of cans was scored as
rust or, in scme instances, dark corrosion staining as these stains have
become quite definite after three arnd four years of storage. Most of these
were in the tops and bottoms of the cases, where the edges of the can seams
had been pressed against the fiberboard by th= weight of the rations in the
stacks. As items, CD3, 8 and 11 averaged 0.4 1 0.1, the other ten averaged
2.8 F 0.1; i.e., the previously observed tread for greater anounts of sweat-
ing in cases of the heavier items CL9-CD13 was not obsevved at the latest
examination period. Alsc, the carbohydrate supplsments, préviously averag-
ing ca 0.3 higher than the ceveal items, were as a group within less than
0.1 point of the same average rating. Storage condition means for sl1l
items were 1.2 t 0.5 for 700F/80% r.h., 0.8 * 0.5 for 1009/80%, and 0.5 F
0.3 for the other four rooms.

Collapse. As none of the four-case stacks were heavy enough to cause
deformation of cans, uoilapse consisted in the extent of wrinkling or
bulging of the cases in settling down to rest solidly on the cens. Associs-
tion of extent of this defect with .ese weights was relatively close, though
not as close as in some of the previous examinations. Items CD1 and CD3,

35 1b cases; averaged ratings of .85, slightly higher than before, and CD6
(40 1bs) and CD4 (55 1bs) at 1.08 t .06 were definitely higher than usual
for these weight groups. ltems CD1O, 12 and 13 (71-78 lbs) were about
"normal" at 1.10 T .18; the other six items at 49 t .09 were lower, partic-
ularly CD9 and CD1l which had been stored near the tops of stacks in the
above-70 1b group.

These was still no definite pattern for effects of storage conditions
on wrinkling or bulging of the cases. Cases for carbohydrate supplements
averaged .67 1 .23 at 100°, .81 * .22 at 70° ang 40°, and 1.47 } .42 at
O%F. Cereal i‘em cases averaged .82 * -36 at 100°/80% and 409/57%, .66 *+
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.53 at the other four conditions. In other words the effacts of storage
conditions, if any, are apparently obscured by weight, stacking, handling
-~ ~ther influences.

e LONI e, OF LREE ..ol

From all practical aspects, there has been no significant fading
¢ blurring of case markings in storage. No item or storage condition
meen rating was more than 0.3 different from initial rating, and 74% of
the Individual case ratings were below 0.5 for defects in printing. Of
the 26% rated above 0.5 (20 cases, range .53-1.48, average .78), there were
a few instances of blurring of print at the time of application, all others
being due to scraping or scuffing in handling the cases. In alil of the
ceses examined during the four years of the study, however, the oniy letters
or numerals which could not be read without difficulty were those which were
completely obliterated by physical damage before the cases were placed in
storage.

II. Metal Cans

Cans of items CD1, 3 and 4 were 2-1/2-gallon size, contain approximately
7 ibs of crackers or biscuits. All other cans were 5-gallon size¢, containing
12-1/2 - 18-1/2 1bs of crackers or biscuits {CD2 and 5-8), 32-33 lbs of
bulgur wafers (CD9, 10), or 34-36 1bs of carbohydrate supplement. AlJ
samples consisted of two cans each.

1. Residual Oxygen in Cans. (Table 3)

(Oxygen remaining in the can space was determined as the lowest read-
ing obtained while passing gases from the can through a direct-reading
oxygen analyzer adjusted to a fresh air reading of 20.9¢ by volume. Deter-
minations were made only for cereal items, CD1-10.

Item means as given in Table 3 were lower than at any previcus period
for all items except CD1 (slightly lower at 18 and 24 months) and CD4 (in
which all cans were leakers at 48 months). Only three items, however, had
lowest readings in cans from all six storage conditions; these were CD2,
CD8, and CD10. For the other six items (excluding CD4), values lower than
those in Table 2 have been obtained as foliows:

Condition Jtems Lower Jxygen Values L8 Months
EFZ; r.h. ) Periods Amount, %
range noge lower
mo. me. %
100/80 1,3,5,9 12-36 20 1.81 7118 7.69 % 3.29
100/57 1,3,9 12-36 24 1.72t1.23 8.05%2.92
70/89 1 - 18 5% .75 13.90% .80
70/57 6,9 18-36 35 2.29 £ 2,02 10.90 t 3.25
L0/57 5 - 36 1.25+ .25 17.40 + .00
O/ambient 5,7 6-36 all 57 1% .33 2017 % .8

8
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TABLE 3

STORED 48 MONTHS

(percent by volume)

RESIDUAL OXYGEN IN CANS OF WHEAT ITEMS

Std.dif.
cans

Maan

CD10

Wafers

- ——

D6

Biscuits

€D

CD2

cpg

CD5

Crackers

CD3
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r.h,
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Singl: leakers, omitted here, averaged 3.3 T 1.14 higher than

8Both cans were leakers.
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There were 32 samples included in the readings which were lower than
those at 48 months, from a total of 300 samples read at 6-36 months. This
could have resulted from can variations, but suggests that at least some
of the cans read at the later periods msy have had very slow leaks which
were not detected by leak testing. Apart from these discrepancies, deple-
ticn of canspace oxygen has been relatively progressive with time, temper-
ature, and the amount of rations contained in the cans {CDé contained
18-1/2 lbs, others 7, 12-14, or 32-33 1lbs ag given ahove).

2. leaking Cans. (Table 4)

Leaks were delscted as streams of bubbles when cans at 73°F were
immersed 2 minutes in water at 103—105°F; questionable leakers werse
those cans emitting only a few bubbles, but whose oxygen, moisture or
rancidity values indicated that leaking had probably occurred.

During the four years of storage, leakers and questicnable leakers
have amounted to J0% or more of total cans opened in items CD4 (80%
total, 100% at 48 months) CDé (28%) CD5 andTl (15-17%) and CD1, 3 and
12 (11-13%). The other six items, CD2, 7-10, and 12, have had few leakers,
averaging only 2.5% of which 1.8% were questionable. As noted ahove,
certain discrepancies in periodic oxygen readings, and in some instances
in moisture and rancidity values as well, suggest that some very slow leakers,
or cans which leaked at some period but later resealed, may have passed
undetected.

As seen in Table 4, there was no significant increase in leaking cans
beyond the 2nd-3rd year except in CD4 and in the aversge for 40°/57%
storage. Total leakers averaged 17.33% at O°F, 16.16% at 40°/57%, 12.00%
at 100°/57%, and 14.89 T .32% at the other three conditions.

3. Corrosion of Cans. (Tables 5 and 6)

External. As external corrosion consisted almost entirely of rusting,
practically all was cf the pitted type. For the first time during the
storage study, there was about as much rusting on bottom and side panels
as along the seams on cans from 100°/80% and 709/80% conditions (excepting
the 5-gallon cans of supplement CD12)., While only three items averaged
higher thar st any previous examination, CD3 (2-1/2-gallon) and CD8 and 11
(5-gallonj, there was more corrosion than at any other period on five items
at 100°/e0% (cp3, 4, 6, 11, 13}, six at 100°/57% (cbi, 3, 6, 8, 9, 11),
four at 70°/80% (cv4, 8, 10, 115, three at 70°/57% (CD2, 8, 105, and two
each at 40°/57% and O°F (CD7, 8 and CD5, 8). Although most of the cans
at 100°/80% and many at 70°/80% were somewhat unattractive (again excepting
Cii2) as indicated in Tables 5 and 6, no leak has been attributed to corro-
sion during the entire ccurse of the study.
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Internal. Most of the internal corrosion was surface darkening with
occasional light pitting as indicated in Tables 5 and 6. Ail pitting and
practicslly all surface darkening was located in spots where products were
in direct contact with intericr can surfaces. Much of this was caused ty
direct .ontact through torn cr perforated corners of packages in cracke: and
biscuit items and, of sourse, with the bulk-packed carbohydrate supplements
which had no packaging or can liring material. Contact was with wrapping
materials in the bulgur wafer cans, however, and in many cans of the other
packaged products, slthough this usually resulted in surface corrosion only
(see necte below uvnder TII.A.1. condition of packages).

Only taree items averaged ac high (CD6) or higher* {CD10, 13) on internal
corrosicn than at some previcus examination. In individual rooms, CD3, 4,
5, 10 rated higher than previously at 100°/80%, CDé and 13 &t 100°/57%, CD2,
76 10. 13 at 70°/80%, CD1, 2, 6, 13 at 7C°/57%, and CD13 only at 40°/57% and
O"F. There was no apparent temperature or humidity effect in carhohydrate
supplement cans, but a possible humidity effect is seen in the 100°/80%
sample of CD4 (all of which leaked), CD7 and CD10, the 70°/80% samples of
CD7 and 10 and the 0° sample of CD7, with a possible temperature effect in
100°F samples of CD9. In genersal,. however, there were no definite indications
of condition effects on internal corrosion.

4. Defects of Can Coawings (Table 7)

No softening, pegeling or flaking of coatings per se have been observed
in any of the 2%-gallaon or 5--allon ration cans. Thus, all costing defects
have resulted from abrasion in 2&-gsllon cans, and frc= uneven.application,
abrasion or both in the 5-gallen type. Much of the external corrosion,
possibly 8ll of it, hus been located in areas or spots from which coating
was removed while seaming (5~gallon cans), knocked or rubbed off in handling
(CD4 and $) o2 applied unevenly enough (CD4, 5, 6, 9, 13) to leavc thin easily-
damaged areas. Some secondary flaking was observed in spots whers rust had
spread in under the =dges of the coating around damaged areas.

The observation that high average defects for various items have oc-~
curred at all periods is thus not surprising; three itemz each averaged
highest at 18, 24 and 36 months, two at 48 months, one each at 6 and 12
months. General averages were higher for 5-galion cans (.86) than for the
smailer cans (.68); the fact that the lighter cans were less subject to
damage in handling probably contributed .to this, as well as tne difference
in type of coating. Storage differences were not very pronounced for the
24-gallon cans, general averages being .79 ai the two 80% r.h. conditions
and .63 at the other four, irdicating little or no temperature offect. Defect
ratings for the larger cans averaged 1.17 from 290°/80%, .84 from 100°/57%
and 70°/80%, and .75 for the three less severe conditions; both temperature
and humidity apparently infiuenced these coatings to some extent, possitly
associated with the further effects of corrosicn.
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ITI. The Rations
A. Cereal ltems
1. Condition of Packages (Table 8)

The percentages of broken seals and torn packages were calculated

from the numbers >f packages per can. These were 15 for CDl, 3 and 4, 24
for CD2, 5, 7 ard &; 28 for CD6, ani 126 for wafers CD9 and iG. Only sesl
breaks or torn places lurge enough for one unit of product to escape the
packare were counted., Thus, many packages with small corner perforations,
sufficiently large to allow the product to touch the inside surface of the
car (as mentioned above in connection with internal corrosion) but not to
allow units to slip out of the package, were not included in the data for
package breakage shown in Table 8.

Broken Seals. The first major seal breaks observ.d in the storage
of CD2 (waxed paper) and CD6 (cellophane) consisted ol one unsealed package
in twelve cans of each item at 48 months. Wafer packages CD9 and CD1O
(waxed glassine) continued the small periodic increases in broken seals
which were observed at every examination after the first year. Practically
all of these breaks, whicl have never exceeded 2.0% for CD9 or 3.2% for CD10,
were in the top layer of packages where package arrangement is irregular
because of the raised center 1id of the can. Biscuit CD7 (waxed paper) has
also been low in eeal breakage, averaging about 2.5% for the first two years
and 1.1% for the 3rd and 4th periods; no sample of this item has exceeded
ca 104 unsealed packages.

The cther five rations, CP1, 3, 4, 5, 8 (waxed glassine), have had
more seal bicaks and been more variable. The 48 cans of each which have
been examined since the end of the first year averaged 6.9% broken seals
for CD1, 4.3% for CD3, 15.0% for CD4, 4.1% for CD5, and 10.6% for CD8.
Highest percentages were observed variously at all periods, but periodic
averages for the five items at 12, 18, 24, 36, 48 months were 0.1%, 5.3%,
9.0%, 13.2%, and 5.3%, respectively, indicating an apparent time effec‘
up to three years. Storage condition averages from i8 through 48 months
were 5.2% from 100°/80%, 7.4% from 40° and 70°/57%, 8.1% from 100°/57%,
9.1% from 0°, and 11.8% fram 70°/80%, a rather irregular pattern. Thus,
though general averages were higher for crackers and biscuits in waxed
glassine than for wafers in glassine or crackers and biscuits in waxed paper
and cellophane, individual item and can differences were by far the great-
est sources of variance in percentages of brcken seals.

Torn Packages. As with broken seals, percentages of torn packages -
have remained low, though not progressive, in wafers CD9 and 10, four
year averages being .33% and .11%, respectively. There have been no
torn packages in CD2, but the other waxed paper package, CD7, averaged
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5.4% since 18 months and the cellophane package, CD6, has had more than twice
as many torn packages (13.7%) as any other item. Four year averages for
wexed glassine packages of CDl, 3, 4, 5, 8 ranged 1.5 - 3.3%, average 2.8%.

Ty

Periodic averages for tne seven crackers and biscuits (excluding CD2)
at 12, 18, 2k, 36, 48 months were 1.7%, 2.8%, 9.4%, 6.6%, and 3.:% :espec-
tively. Corresponding averages for storage conditions were 3.4% for 100°
and 40°F, 5.2% for TOYF, and T.9% for 0°F. As with broken seals, item and
can differences were the greatest sources ¢! variance.

7 e e

Total Packages Broken: As shown in Teble 8, there were no broken
packages at L8 months in CD3, and total breakages for CDL, 6, 7, 9 and 10
were the sums of unsealed and torn packages. The single broken sesl was
the only defect in the waxed paper packagss of CD2, All unsealed packages
were also torn in CDS, end all torn packages also unsealed in CD8; in CD4,
same but not all defective packages were bLoth unsealed and torn.

The time effect was definite for wufer CDILO (general average 1.30%) and
feirly definite for wafer CD9 (average .T7T%); together these averazed .68%,
1.06%, 1.32% and 1.43% dbroken packages far the four years. The other seven
items reached maximum valics at 18-36 months, possibly because the best cases
of each item were scheduled for longest storage and cases showing any sign of
even slight damage were utilized during the first to third years. If this
had any influence on the maxima, the time effect may have acluaily extended
beyond the periods at which they were reached. At any rate, item differences
were quite large, 12-48 months averages being 4.7% for CD3 and 5, 7.1% for
CD1 and T, 9.9% for CD8, 14.0% for CD6 (cellophane), and 15.3% far CD. For
storage conditions over this period, the seven items averaged 5.8% for 1000/80%,
7.6% for 100° and 40°/57%, 9.2% for 70°/57%, 11.0% for 70°/80%, and 12.7% for °
O°F. Increased flexibility at 100° and greater brittleness at OOF may have in-
fluenced breakage at these temperatures, htut the 70 and 4OOF averages do not
fit the pattern. In general, both time and temperature effects on unsealing
or tearing of packages are open to question.

Poah s $ 8 prctnind g T e v D e

2. Condition of Producte (Tabdle 9)

Breakage of products were calculated as percentages of score-lines broken
in the multi-unit layers and percentages of broken units. Can totsals de-
termined for these calculations were as follows:

ch Score Lines Units CD Score Lines Units
1 227 ush 5 1286 1286
2 172 1172 6 1713 1713
3 906 906 7 1363 1363
4 223 L46 8 584 1168
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TABLE 9

(as percent of total units)

PRODUCT \REAKAGE IN WHEAT ITEMS STORED 48 MONTHS
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Wafers CD9 and CD1C both had 756 units per can, packed as individual
units (six units per package, no score lines§

Score Lines Broken. For the eight cracker and biscuit items, periods
of highest and lowest perceatages of separation of units at score lines both
ranged from 12 to 48 months and averaged between 24 and 30 months.

Compared to the 48 months values of Table 9, previous low item values
were 2.5 + 3.8% lower, previous high item values were 1.1 T 1.7% higher, and
the 12-48 months mean values were 0.7 T 1.9 lower. Thus, conside~ing the
wide ranges of high and low periods and of individual item levels, any state-
ment &8 toc a possible time effect on broken score lines would appear to be
extremely .quppRkOnutle® As groups, crackers averaged 15.7%, biscuits 5.9%,
but cracker CD8 (7.7%4) was lower than biscuit CD7 {10.9%).

Effects of storage conditions on score-line breakage were also quite
indefinite. For cigckers, 12-48 months averages were 16.7% ahd 100°/80%
and 40°/57%, 15.6 7 .1% at 70°/80% and 0°, 4.8 T ,1% at 100°/57% and
70°/57%. For biscuits, 0° average was 6.8%, 100°/57% was 5.1%, the other
four conditions averaging 5.8 T .3%. Thus score-line breakage varied with
products, items, and cans within items, but apparen:ly not with storage time
or storage conditions.

Crumbling of edges of units was recorded for bulgur wafers as shown
in Table 9. Time and storage condition effects were also indefinite for
this defect. For CD9, crumbled edges ranged from 20.9% at 18 months to
42.5% at 24 months, average 32.8% of the units. Corresponding values for
CD10 were 36.5% to 73.6%, average 50.2%. For storage conditionz, CD9
averaged 36.7 * 1.8% for the 100°F and 70°/57% samples, 23.9 + 2.3% for the
other three; CD10 averaged 54.3 T .8% for:100CF and 70°/80%, 46.2 © 1.9%
for 70°/57%, 40°/57%, and O°F. Thus the main sources of variance were
apparently items and cans, slthough slightly more crumbling at higher
temperatures is cuggested.

Moderate Unit Breaksge. There was little indication of a time effect
on moderate unit breakage of any item except biscuit CD4, which ranged
progressively from 11.3% average at 12 months to 18.9% at 48 months. High
and low averages for other items ranged over the entire stoiage period.
General averages were .18 and .36% for wafers CD9 and CD10; 1.8, 3.4 and 5.4%
for biscuits CD2, é and 7; 12.5 ¥ .2% for crackers CDl and 3; 14.9 T .2% for
biscuit CD4 and cracker CD8; and 19.0% for cracker CD5. Thus items in 24-
gallon cans (CD1l, 3, 4) averaged 13.2 1 1.1%, while crackers in 5-gallon
cans were higher (17.0 T 2,08) and biscuits and wafers in 5-gallon cans
were lower (5.4 - 0.2%); it is probable, however, that this resulted from
item differences without association with can size.
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Temperature effects were also rather indefinite. Wafsrs averaged .20%
breakage at 100°F, .25% at 70°, .34% at 4O°, and .39% at 0°; corresponding
averages for crackers CD5 and 8 were 16.2%, 15.6%, 19.04, and 19.3%. Items
CD1, 3 and 4, however, averaged 14.7 T 2.5 at 70°F and 12.5 ¥ 2.0 at other
temperatures, while biscuits CD2, 6 and 7 averaged 4.2 Y 2.08 at 70°/57%
and O°F, 3.2 T 1.4% at other conditions. Despite the suggestion that
breakage may have tended to be higher at lower temperatures, product, item
and :an differences were too large to permit any definite assumptions of a
temperature influence.

Crushed Units. Although only four items had crushed unites at 48 months,
severe breakage was observed at various periods in all items except wafer
CD9. Among the 60 cans of each of the other nine items examined from 12-48
months, crushed units were observed in 179 of 540 cans, or about 33.1% of
the cans contained crushed units. By periods, there were 59, 47, 30, 18,

25 cans at 24, 12, 36, 18, 48 months, so a time effect seems questionable.
Temperature differences were also quite variable, OCF and 70°/80% conditions
averaging 2.12% crushed units in 55 cans of crackers and biscuits, 100°/80%
and 40°/57% averaging 1.60% crushed in 54 cans, and 70°/57% and 100°/57%
averaging 1.19% crushed in 67 cans. By items, crackers CD5, 8, 1 and biscuit
CD4 had 50, 30, 17, 13 cans averaging 2.09-1.94% crushed units, cracker CD3
and viscuit CD6 had 21 and 15 cans averaging 1.28 and 1.07% biscuits CL7 and
CD2 had 26 and 4 cans averaging .53 and .19% crushed, while wafer CD10 had

3 cans averaging 6.03% crushing from denting in of can walls. Scme of the
cracker and biscuit crushing was in dented cans, while there were some showing
no physical evidence of damage.

Total Product Breakage. Total breakage, calculated from total units
per can as given above, wes the sum of score line and unit breakage, with
two exceptions: (1) score line breakage in 2-unit layers was counted at
half value for total, as there were twice as many units as score lines, and
(2) combined breakage per layer was limited to two breaks for 2-unit layers
and four breaks for 4-unit layers, even though three and five-eight breaks
may have been counted for separate calculations of score-line and wnii break-
ages. As shown in Table 9, crumbled edges instead of score-line breaks are
included for wafers CD9 and 10, but the general condition means and total
mean value (19.76%) include only crackers and biscuits CD1-CD8.

Periodic total means for crackers and biscuits were 18.65 ¥ .10% at 12
and 18 months, 21.52% at 24 months, 19.69 ¥ .07% at 36 and 48 months, not
enough difference to indicate any time effect in comparison with the wide
means for storage conditions over this period were 18.10% for 1009/57%, 19.66%
for 100°/80%, 29.94 t .10% for the 70° and 40°/57% rooms, and 20.25% for OCF,
suggesting increased breckzge at lower temperatures when, in fact, almost

4L5% of the samples ccmpared during the four years of storage had higher total
breakage at higher temperatures.

ranges of item means and can differences as illustrated in Table ?. Similarly,
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Item differences in total breakage were significant. For the five
examinations from 12-48 months, biscuits CD2 and 6 averaged 6.4 T 2.2%,
biscuits CD4 and 7 and Cracker CD8 averaged 18.0 * 2.7%, crackers CD1 and
3 averaged 26.6 T 4.0%, and cracker CD5 averaged 37.2 T 2.5%; averages for
wafers, almost entirely as crumbled edges, were 33.0 % 8.2¢ for CD9 and
50.8 t 13.8% for CD10. Many factors such as degree of baking, depth of
score lines, sharmness cf edges and corners, cupped or flat layers, jamming
of loose units from broken packages toward the bottoms of the cans, tender-
nes2 or toughness of unils and, of course, extent of rough handling and can
damage, contributed tc the item difference. Time and temperature differences
apparently had little influence.

3. Appearance and Color (Table 10)

Sensory scores were assigned by five experienced judges who have a
performance record of reacting in similar manner to sample differsnces
(can varience T .22 - % .67, mean T .41), although tendirg to use sowewhat
different rating levels (mean judge variance T 1.14) on the .J-1 scale
indicated in Table 10. Samples were presented six per session (one from each
storage room), two sessions per item, 3o duplicate cans were scored on dif-
ferent sessions; all samples were identified, and comparisons smong storage
conditions were invited in the co.ments.

torage had relative little influence on appearance and color scores
of products at 70°F and below, as varistions among cans were greater than
those resulting from occasional dullness at 0° or "slazing" at 70°. 1In
general, products at 100°F assumei a glazed appesrance with some fading of
"redness" of color, but these changes were not considered very detrimental
in many instances. Thus, item differences, usually associated with degree
of browning when baked, have largely determined appearance and color scores.

Combined appearance-~cclor scores of Table 10 are fairly typical of the
four-year storage pattern, though slightly lower (6.98) than average scores
for the first three yeaxs (7.16). Items CDl and 6, medium brown, CD7, light
brown, and CD10, "toasted", were scored lower at 1OO°F because of fading.
Comments by judges indicated that all other scores depended more on can and
item characteristics than on storage chsnges. As examples, CD3 and 4 (palse),
CD8 (light brown) and CD5 ("toasted") were unevenly browned in varicus
samples. The O°F samples of CD2, a light brown item, were baked darker than
usval, Wafer CD9 has been the most uniform of the ration items, with general
slight fading of the medium brown color at 100CF svorage. Item averages for
CD2, 3, 4 were .58 T .09 lower than averages for the first three years, and
CD10 averaged .23 higher than on previous examinations; the other six items
were intermediate, CDé and 9 averaging .21 T .11 higher, CD1, 5, 7 and 8
averaging .16 ¥ .06 lower than at 6-36 months, but none having maximum or
minimum averages at A8 months.
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4. Huntar Color Values (Table 11)

Color values were determined ¢n duplicate samples from each can,
chopped anc sieved to l4-mesh, ueing a Hunter type color and color
differeace meter set with NES refereance Maize (L = 73.8, a = 1.4,

b = 31.4

Hunter L. The L value, a measure of "lightness" of color, tends to in-~
crease with fading of color or giszing of sample surface, or decrease with
darkening or dulling of the surface. There has Leen very little darkening
of the shelter rations in siorage, and relstively littie dulling of surfsce
except a slight loss of "shine with extended storage. Thus the character-
istic change in L values has bean increase, generally proportional to
storag - temperature and, somewhat less definitely, to stcrage time.

The following summary of changes indicates the relstionship of the L
values shown in Table 11 to trends during the four years of storage:

temperature maximum increases in L values subsequent decreese tc A8 mo.¥

F aversge range period# average range
units units av. .mo. unitas units
100° 587 .8 4,.3-7.0 37510 1.0% 1.0 .0 - 3.1
70° L7 .8 3.1-6.6 353 9 10t .8 0 - 2.4
50” 3.7%t1.2 1.4-5.0 35213 .8% .8 .0 - 2.5
0° 29t 7 23-4.0 28+ @ 9% .6 .0~ 1.8

#Periods of maximum L values ranged 18 to 48 months at all storage
conditi- ns; thus periods of decrease ranged 30 to O months.

Samples reaching maximun L values at 48 months included CD3 (70°/80%
and 40°) CD5 (100°), CD6 (100° and 40°), CD7 end CD8 (709/57%), CD9 {1000,
70°/57%, 40°, 0°) and CD1O (100°/80% and 40°); CD3, 7, 8 are pale to light
brown items, CDé and 9 are medium brown, CD5 and 10 are dark brown.

Hunter =. The "a" values indicate relative amounts of red color when
positive, green when negative; the "pale" items CD3 and CD4 were more green
than red; but values were so small that the predominant hue was yellow. The
red component of other items (Table 11) resulted in appearance ranging from
1ight tan for CD2 to deep brown for CD5 and CDI10.

The characteristic change in "a" values was decrease, resulting Prom
fading of cclor, at higher temperatures. There were also slight increases,
particularly at lower temperatures, but many of these covld have been due to
sample variation, as ranges were not general ¢ greater than those of faded
samples at 100PF. A summary of changes, for comparison with values given
in Table 11, is as follows:
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From storage at 100°F, items ¢D1, 2, 3 and 8 had no "a" values above
initial. Other items averaged 47 .I. increase at 20 * 8 months. For de-
creases, items CD2, 3, 4, 5 and Y reached minimum values at 48 months, averag-
ing 1.5 % .7 below initial values. Other items averaged 1.3 I .5 decrease
at 28 T 11 months and were 1.0 * .7 below at 48 months.

At 70°F, all items exhibited slight increases within the first two years,
averaging .4 T .4 above initial at 18 T 5 months., Items CD2, 3, 5 and 10
reached minimum values at 48 months, 1.4 T .7 below initial; other items
averaged .9 T .4 belcw at 31 1 17 months and .8 T .4 bslow at 48 months.

Increases were slightly higher during the early ysars at b0° and O°F,
averaging .7 T .2 above initial in 20 ¥ 9 months at w” and .9 ¥ .3 above
in 20 ¥ 7 months at 0°. Items CD4, 6, 7 and 8 at LOOF decreased to ;8td t 3
below initial at 6, 36, 6 and 24 months , respectively, averaging .4 ¥ .3
below at 48 months, other items were lowest at 48 months, thas reduction from
init;al averaging .9 } .6 unit. At OOF, early increases averaged .9 f .3 at
2C T 7 months; items CD2, 7 and 10 averaged .4 T .4 below initial at 30, 6
and 12 months, respectlve]y, and .17 l below at 48 months; the other seven
items reached maximum reduction of 5 < .3 at 48 months.

In general, the initial increases resulied in an appearance of a richer
shade of color, wnile quite a few of the increases following low values at
intermediate perio‘:s were accompanied by comments indicating dulling or slight
browning cof the samples. These late increases averaged only .3 unit at 100CF,
.1 unit at 70°, .4 unit at 40°, and .3 unit at 0°, however, and included only
five, six, four and three items, respectively, so no serious degree or amount
of browning was involved.

Hunter b. The “b" value denotes yeilow when positive, blue when negative.
Changes in the yellow values of shelter ration samples were very slight, and
all trends were for increase. The initial average for the ten items was 21.99;
the ten means shcwn in TaBle 11 vary from initials by +.26 1 .42. Periodic
mesns averaged 0.02 1 .04 below initial at 6, 18, 24 months and .30 % .04
sbove initial at 12, 36 and 48 months, cerresponding roughly to periods of
slight increase and subsequent decrease in "a" values. Thus the general trend
was slight increases in yellow with decreases in red, typical fading but not
typical browning.

The tempersture pattern, also slight, has nevertheless been relatively
ccnsistent with other trends. Averages for the "low" and "high" periods
noted above were:

6, 18, 24 mo. 12, 36, _I,§ mo. 6-48 mo.

100°F 22.05 * .07 2.43 1, 22.24 1 .20
70°F 21.94 * .10 22,17 * .09 22.05 1 .15
LOOF 21.90 £ .05 22.21 % .09 22,06 T .18
O°F 22.03 t .08 22.31 %+ .12 22.17 t .17
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The tronds for relative stahility at 70° and 4O°F, increased yellow with
fading of red at 100°F, and smailsr increases with "deepening" of color at
O°F are clearly seen even in these slight changes in the "b" compcnent of
ration color.

a/b Ratio. Changes in the ratio of "a" to "b" provide a good index of
changes in hue for products of the shelter ration types. Initial ratios for
the items, in the order listed in Table 11, were .203, .054, .269, and .120
for the crackers; .097, .030, .219, and .115 for the biscuits; and .166 and

.238 for the wafers. Thus order of pale to brown for the rations, based on
relstive values for all components, was CD4, 3, 2, 7, 8, 9, 6, 1, 5, 10,
(Figure 1) and the general mean ration, .155, fell between the center items
of the array, CD8 and CD9. Initial s=%.andard difference among replicate
cans was .031, the same as at 48 months.

Reference to the a/b ratios for wafers CD9 and CD10 in Table 11 confirms
previcus observations that this product did not differ much from initial hue
and chroma after four years in storage. There were storage changes--L .alues
incressed steadily beginning with the first year as the wafers assumed a
somewhat glazed appearance, "a" values increased graduzlly through the second
year and returned to about the initial level by “he fourth, and '"b" values
fluctuated slightly with little net change through the third year and in-
creased moderately during the fourth. Thus the wafers were somewhat brighter
and slightly redder in appearance through the third year (higher L and a/b),
more glazed but about "normal" in hue and chroma at the fourth year. The
temperature effect was generally small, even between the 100° and 0° samples.

The a/b ratios for crackars and biscuits showed the fading effect of
higher temperatures on the "a" or red component.. With the exception of the
darkest item, cracker CD5, which had unusually high "a" valves and low "b"
values at 36 months, there were no average a/b ratios as high as initial
at any period of stora rage at 100°F. Average decreases in ratios at this
temperature were .032 T .007 at 6-24 ronths, .039 at 36 months, .070 at
four years. All samples of CD1l and CD7 and 83% of other cracker and biscuit
samples also remained+below initial a/b ratio in storage at 70°F. Decreases
at 70° averaged .010 _ .010 at 6-24 months, .019 and .052 at three and four
years. These represent easily apparent fading for all periods at 1COOF, and
for the last two years at 70°.

Changes in crackers and biacuits were more variable at the lower temper-
atures. In AOOF storage, a/b ratios averaged .007 below initial during the
first year, .0l4 above the sezond year, .005 above at 36 months, .035 below
at four years. Samples from O°F averaged .005, .011, .030, .0l7, and .01l
above initial at 6, 12, 18, 24, 36 months, and had faded slightly to an
average of .022 below initial ratio by the end of the fourth year. Changes
at these temperatures were generally not apparent on visuzl inspection, as
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difforences between AOO and 0° e-ples were seldom great, and there were
no reference samples e«cept the lighter ones from the higher temperatures.

The relationship of color to product breakage, both ranked from low
to high (pale to brown for color) is shown in Figure 1. Correlation of
rank order of items was .53, that for range position of items was .43,
indicating some tendency for lighter colored items to have less breskage
and darker items more. The notable exceptions were CD3 and 4, having about
20% breakage ,which were apparently baked too light and fragile, and CD6,
which seemed to be baked too dark and tough to break.

5. Fracture Strength {Table 12)

Iwenty units selected in a systematic manner from each can were used to
determine fracture strength. Each unit was supported by four corner blocks
of about 1/16 sq. in. area and the dull point of a weighted plunger was
rested on the center of the unit. The plunger carried fixed weights varying
from 40O to 1600 grams, depending on the fracture resistance of the unit,
and addivional weight was added to the point of fracture by apply‘ng in-~
creasing pressure on the plunger with a’ 1000-gram spring-loaded pressure
tester.

Initial fracture ranged from 1060 g. for CD3 to 2160 g. for CD9; with
a mean of 1415 g. for the ten items. As seen in Table 12, range at 48
months was 1036 g. to 2378 g., item means 1072 g. to 2306 g., general mean
1543 g. In view of the wide range, the 147 g. standard difference between
duplicate cans, and the 1,5 g. standard deviation of replicate units, no
consistently significant differences have been found associated with either
storage time or temperature. There were certain rather erratic trends,
however, among various groupings of items.

In general, items CDl, 2, 3 and 7 showed higher than initial averages
during the first year, lower during the second, with a gradual increase
during the third and fourth years. By temperatures, as differences from
initial averages, this trend was as follows:

storage 6 _months 18-24 months 48 months  total storage
OF change change change change
100 + 61 - 60 + 31 +5
70 +149 0 + 70 +42
4O and O +150 + 6 + 55 .58
mean +120 -18 + 52 +35

There was both greater and less varisbility in trends among various
of the other six items, but the general direction of change was increase
from the beginning of storage, with fluctuations at later periods for some
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items. CD5 increased with every examination, CD4 and 8 increased in two
stages with a downward shift at 12 and 2i months, respectively. The wafers,
CD9 and 10, increased through the third year, then shifted downward at 48
months, while CD6 increased through 18 months, drifted downward through 36
months, and back to the 18 months level at 48 months. Mean values for the
six items at 6, 24, 48 months and for the total periocd, as differences from
injitial, were:

storage 6 months 24 months 48 months total storage
OF change changs change change
100 - 170 + 65. + 119 + 38
70 - 83 + 25 + 135 + 30
40 end O - 22 + 82 + 13} + 58
mean - 58 + 57 + 129 + 42

apparent trends as illustrated for both groups of items could very well
have resulted from combinations of random variance, but suggestions of possible
time and temperature effects ware as shcwn.

The lack of a significant relationship tetween fracture strength and
product breaksge may be seen in Figure 1. With both ranged low to high, rank
order correlaticn for items was -.04, that for fracture and breakage range
positions -~.28. The latter, which is equivalent to the direct correlation
between fracture and breakage values, indicates a very slight tendency for items
with lower fracture strength to have more breakage, as in the crumbly wafer CD1O,
or less breakage with higher fracture value, as in tough biscuit CD6. (D2 and 9
ranged in the same direction as CD6, all others in the same direction as CD1O,
but the comparisons were too varishble for significance.

Fracture strength and color corresponded somewhat more closely, rank
order and rangs position correlations from Figure libeing .5C and .52. Items
CD3 and 4 were light-baked and tender, CD7 and 8 medium brown and moderately
tender, while CD6 was brown and tough as mentioned previously. Not checking
as well, biscuit CD2 was moderately baked but fairly hard, wafer CD9 was a
rich medium brown but was quite compact, wafer CD10 quite "toasted" but crumbly,
while crackers CD1 and 5 were brown and brittle.

6. Moisture Contenc (Table 12)

Moisture content was determined on duplicate li-mesh samples from each
can from loss of weight after heating 5-gram aliguants 24 hours at 70°C under
a 29-inch vacvum. Initial moistures ranged 1.42% for cracker CD5 to 4.03%
for wafer CD10, mean 2.53%. As seen in Table 12, moistures at 48 months had
somewhat less range but about the same mean. Periodic mean valuea have ranged
from 2.27% at 18 months to 2.86% at 12 and 24 months, storage conditicn means
have differed by less than haif this range, and there has been no consistent
association of moisture values with any storage effect.
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Several relatively low but statistically significant correlations of
moisture with fracture strength have been observed within items; these were
characteristically negative for crackers and positive for biscuits and wafers
as product groups, but quite variable among items. Figure 1 shows relatively
poor agreement botween moisture and fracture (rank order correlation .30, range
position .34) at 4E€ months, but the average trend was positive except for CD3,
6, 8 and 10. Items 3, 8 and 10 had relatively higher moisture than fracture
value, CD6 high fracture with lower moisture.

Correlation with breikage was slightly higher (.32 rank order, .37 range
position), with color somewhat lower (.21 and .20, respectively). Low moisture
items CD7 and 5 had moderate (CD7) and high (CD5) breakage and color; high
moisture wafer CD9 had moderate breaksge and color, though all three measure-
ments were high for wafer CD10. Other moistures were in the moderste range,
with higher color {or CD1 and &, lower color for CD3 and 4, lower breakage for
CD2 and 6.

Perhaps the best summa y for moisture is that it was apparently not very
closely related to anything except items.

7. Rancidity Values. (Table 13)

Peroxides. As initial products of oxidation, peroxides were delermined by
extracting fat with chloroform, mixing extract with 1.5 volumes glacial acetic
acid, reacting with potassiun iodide, and titrating liberated iodine with sodiym
thiosulfate. The generali pattern has been about the same for all items at all
temperatures: (1) increase over the first year as oxygen starting at normal
tension was utiliged in reacticns stimulated by baking end canning; (2) more or
less sharp decrease to low values at periods ranging ifrom 18-36 months as peraxides
were involved in secondary oxidation reactions, and (3) a slow and relatively
uniform "steady-state" increase over the last one or two years of the four-year
periods

The period timing of the pattern, and the high and low levels reached, have
varied considerably with temperatures, products, and to some extent, with leaking
cans. All items except CD4, the bisouit with more than 80% leaking cans, reached
high 100°F peroxide values at 12 months, crackers averaginz 25.4 m-eq., biscuits
6.1, wafers 3.9, from initial values of .8 for crackers and biscuits, 1.7 for
wafers. At 70°F, wafers had high values averaging 10.4 at 12 months, while
high values for crackers at this temperature, averaging 4.3, were reached veri-
ously at 12 months or during the second increase period at 36 or 48 months.

All biscuits at 70°F ard below, and crackers at 40° and 0°, reached higher
values during this sscond increase period, but high levels for wafers were
at 12 months even at the lower temperatures, averaging 5.6 at 40° and 4.1 at OCF.
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The reason for noting the variations in pattern is that aroma and flavor
of the products were related to these variations. The sharp increases in
cxidation at the higher temperatures during the first year seldom had mach
influence on sensory quality, except a slight staleness, as the reactions were
apparently producing mostly peroxides, which are odorless and tasteless.
Staleness appeared during the subsequent periods when peroxides were, it is
assumed, being depleted by secondary oxidation reactions. During the inter-
mediate periods, crackers and biscuits dropped to average lows of 1.2 and .7
at 100°F, .6 and .1 at 70%, and .05 for both at 40° and 0°; wafers averaged .l ;
low at 100° and 70° but did not drop below .2 at the lower temperatures, from :
highs above those of crackers and biscuits au. every temperature except 100, i
Thus the wafers apparently established a '"steady-state! pattern earlier than ‘
crackers and biscuit—s6 and were generally scored lower on aroms and flavor; in
fact, wafers at 70°-0°F were scored lower than those at 1C0° in some instances.

The peroxide levels resulting from the second period of (gradusl) increase
are given in Table 13. Aroma and flavor scores for rations at 100°F, and to
some extent at 70°, have dropped during this period, and most of the samples
have been msrked rancid at 100° and definitely stale at 70°. The peroxides
actually do not vary among temperatures as much as at earlier periods, but
aldehydes and other secondary products have apparently accumulated to the limits
of taste tolerancs at 100°.

The relation of 48-months item residuals of canspace oxygen to mean
peroxide levels is shown in Figure 2. Rank order correlation is .24, range
position correlation .09, indicating very little association. Higher peroxides
with lower oxygen are seen in items CD9 and CD6. Peraxides were relatively high
in the high-oxygen leakers of CD4, and relatively low in CD1 and 2, which have
retained more wgygen in non-leaking cans than any other items. (D10, however,
had low oxygen and peroxides (except at 4G°F), while CD3, 5, 7 and 8, with in~
termediate oxygen levels, spread over 75% of the peroxide range. Thus the relation
of peroxides and oxygen residuals is rather obscure.

Free fatty acids. The free fatty acids were titrated by combining equal
volumes of neutral ethanol with the chloroform extracts of the fats and neutral-
izing with ethanolic alkali soluticn. Initial values, in the order listed in
Table 13, were .17, .23, .19, .36, mean .24% for crackers, .15, .61, .13, .28,
mean .29% for biscuits, and .34, .32, mean .33% for wafers. Although hydrolysis
of fats is frequently associeted with high moisture, the only suggesticn of such
among the CD rations was with the high-moisture wafers; crackers CD3 and CD8
and biscuits CD4 and CD7 contained lower quality fats, particularly CDi.

The pattern of changes in free fatty acids was different from that of
peraxides in that there was no genersl increase in free scids during the first
year of storage. The lowest values determined at 100CF averaged .22% for crackers,
.28% for biscuits, .42% (some increase) for wafers at periods ranging 6-2i4
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montha. Corresponding lows at 70°F were .17, .24 and .32% at 6-48, 18-48,
and 24 months, respectively; at 4LOOF and O°F, lowest values averaged .15%
at 18-48 months for crackers, .24% at 2,-48 months for biscuits, .31% at
18-2) months for wafers. As free fatty acidz oxidize as readily as intact
fats, posaibly more readily, it eeems probable that low acid values were as-
sociated with periods of most active oxidation.

11 samples averaged higher in free fatty acids with incresasing storage
at 100°F, and there were slight increases at the lower temperatures, partic-
ularly in wafora, Highest values obtained at 106° averaged .67% at 36-48
months for crackers6 and .66% and .89% at 48 months for biscuite and wafers.
High values frcm 707 storege, ranging 6-48 months for crackers and biscuits
but at 48 months for wufers, averaged .28, .35, and .49% respectively. From
40% and O°F, corresponding highs were .26, .33, and .42%.

There was less direct association of changes in acids with sensory
changes than observed with peroxides, but samples containing more than
.5~.6% free acids were ususlly described as having a slight "soapy" or
"acrid" flavor. As szen in Table 13, this applied to the 1O0°F samples of
co3, 7, 8, 9, 10 and to all ssmples of CD4, although the latter were noted
only infrequently at lower temperatures.

The correlations of free fatty acids with peroxide values are iilustrated

in Figure 2. Rank order correlaticn was .63€ and range position .614, in-
dicating a f{air agreement between tne two measures of fat rancidity. CD1
and CD9 corresponded closely cn low and high ends of the range, respectively,
and agreement was within 20% for CD2, 3 and 8, again covering most of the
renge. CD6 and CD1O agreed very poorly, CD4, 5 and 7 were divergent by about
30% of the range; there appeared to be no tendeacy for agreement or lack of
agreemant to be associated with levels of either peroxides or free acids.

With canspace oxrgen and free fatty acids, rank order correlation was
.188, and range pcsition .016. No crnsistent relationship between these
two fectors has been observed during the study.

8. Senscry Scores for Texture, Aroma snd Flavor (Tables 10 and 14)

Taxture. All sencery scores wevrs obtained as described sbove for ap-
pearance and color. With moderate periodic fluctuatiors and some reduction
at 100°F, texture scores in. general averaged about .45 below initial average
through the first three years. At four years (Table 10), cracker CDl and
biscuit CD6 averaged sbove initial, but the other items averaged about .85

below. Most of the decrease was at 1900, with some at 707, very little at
£0° and O°F.

Cracker CD1 at 48 months averaged .85 above initial and .53 above the
6-36 months mesn, with temperature differerices as shown. The other crackers

were under initial average, 7.17, by 1.62 at %OC?, .75 at 7°, 733 at the lower
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temperatures. Similarly, biscuit CDé averaged .17 above initial, and exactly
the same as &t 6~36 months; other biscuits, although higher than CD§, were
nevertheless under initial, 8.07, by 1.83 at 1009, 1.07 at 70°, .67 at 40° and
0°. Wafers averaged 6.00 initially, 6.32 at 6-36 months, 5.82 at 48 months,
the 1gtter veing .38 and .20 below initial at 100° and 709, .02 above at 4O°
ang 0°.

No explanation was suggested for the increase in Lexture scores of+
cracker CD1; this item averaged 6.22 and 6.37 at 6 and 12 months, 6.81 -
.02 at 18-36 months, 7.35 at 48 months. Fracture strength decreased roughly
in proportion to increased texture scores through 36 months, but was back
near initial level at 48 months. The decrease in other items at 100° and
70°F probably resulted in part as a reaction to increased rancidity and
staleness; fracture strength averaged only slightly lower at 100°, no lower
at 70°, the only unquestionable difference being in aroma and ilavor.

Aroma. General mean scores for arome were 6.87 for initisl aver:-ges and
6.03, 5.92, 5.81 and 5.13, at the four yearly examinations. For proaucts,
initial averages were 6.95 for cracxkers; 7.12 for biscuits, and 6.20 for
wafers. Scores given in Teble 1l averaged the following decreases from
36-months and initial average levels:

temperature crackers biscuits Wafers
op decrease from decrease from decrease from

36 mo. initial 35 mo. initial 36 mo. initisl

100 81 3.64 1.65 4.32 .92 1.97
70 .52 el2 .70 1.61 .30 1.30
Lo .32 28 .62 .8C .35 .15
0 47 .25 &5 .32 ~.15 =45
% Thus, decreazes in sroma scorse during the fourth year were proportionally

Z larger than for previous pericds in all product storages except crackers stored
at 100°F and wafers at 70°, HNote that all i0C and O°F averages at 36 montis
were above initial averages except that for biscuits at 40°, and the 0° average
for wafers is astlll above the initial averzges. Present low scores, 2.2 for
CD6, 7, 8 at 100PF, corrsspond to & rating of about 4.65 on “he hedonic scale,

-5 and the 100° mean score, 3.29, to about 5.25 hedonic. whereas the hedonic
g avsrages actually assigned (Table 15) were 3.47 and 4.0C for CD6, 7, 8 and

the genheral mean at 100°,

I

Flpvor, Initial flavor scores sveragsd lower ihen arcuas scores for
cracksrs, £.42 and walers, 5.80, but highsr for biscuits, 7.52. General
initial and yearly averages were &.74, 6.153, 5.81, 6.0C, and 5.00, higher
than aroma averages at one and three years. Product ané tempersture decreases
from 36-months and initial levels for the scorss of Table 14 are as foliows:
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temperatute Crackers Biscuits Wafers
CF decrease from decrease fronm decrease from
36 mo. initial 36 mo. initial 36 mo. initial
100 1.00 3.36 2.00 4.77 1.27 1.35
70 .91 .87 .96 2.10 1.00 1.20
40 40 ~.05 Ny 1.15 1.15 -.10
0 .52 -.02 A7 40 1.10 -.15

Thus, greatest average decreases were during the fourth year in alli pro-
ducts and storages (there were certain item variations). These decreases
were from ave:age levels above initial in crackers at 70°F and below, wafers
at 40° and 0°, and biscuits at 0°; crackers and wafers still averaged above
initial after 48 months at 40° and 0°, as initialswere relatively low for these
products. The low average, 1.75 for CD7 at 100°F, and the 3.22 mean at 100°,
correspond to 4.4) and 5.23 on the hedonic scale, with corresponding hedonic
ratings averaging 3.66 and 4.17; the sensnry quality judges were apparently
scoring somewhat high in an attempt to eliminate "like or dislike" bias from
procduct guality evaluation.

The combined item averages of Table 14 are ranged for comparison with
other stability factors as Sensory Quality in Figure 2. Correlations witn
canspace oxygen and rancidity values as ranged were:

rank order range position
sensory quality with:

canspace oxygsn 21 .20
peraoxide values .98 .91
free fatty uxcids 49 .52

The relationship with canspace oxygen is wxy slight, CD2 (relatively
high) and CD6 (relatively low) being the only good matches and CD3, 5 and 9
{moderate tc relatively low) being fairly close. Correlation of low to high
mean scores with high to low peroxide values was very good. CDl (lcwer P.V.,
higher score) and CD7 and 8 (higher P.V., lower sccres} corresponded exactly
and CD5 {mid-range) and CD6 and 9 (lower scores with higher P.V.) averaged a
spread of lsss thap 10% of the range; CD3 and X0 {lower P.V.);and CD4 (higher
P.V.) varied Ly about 20% of the range.

Though not statistically significant, some relationship was also suggested
between sensory quality and free fatty acids. CD1 {lowest F.F.A., highsst
scorez) and CD3 (mic-range) corresponded exactly, while CD8 and 9 (high FFA,
low scores) matched within 15% of the range. CD2, 5, 7 and 10, however, spread
23% to 39%, and D4 and 6 averaged 53%; i.e., scores and F.F.A. were apparently
unrelated in these items. The total pattern indicates, neverthelesa, a trend
for & negative relavicnship between sensory scores and rancidity values.
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9. Hedonic Ratings for Aroma, Flavor and Palatability (Table 15)

e o Al SR RS BRI

The hedenic rating panel consisted of 25 judges selected at rendom as
available from a pool of about 100 people. Samples were rated in sets of
six per judge per session, each set containing one can from each of the six
storage conditions for a single item; thus, duplicste cans were scored on
different sessions. The six samples for each session were randomly asaigned
to the six positions of a systematically arranged 6 x 25 bilkwdk: plan, the
arrangement being such that each sample appeared in each of the six presenta-.
tion positions (1lst to 6th) about the same number of times, and each of the
25 blocks (plates) had the six samples in a different sequence. Arranged
thus, the six samples were presented together, with scoring order numbered,
so that direct comparisons could be smade by any judze who so desired, and
comments on these comparisons were invited. The numrical scale was the
customary 9-point hedonic rangs from "like extremely" to "dislike extremely".

o Pl o

Aroma. Initial ratings averaged 5.85 for ctackers, 6.42 for biscuits,
and 5.45 for wafers. Mean ratings for the four yearly examinations were
5.66, 5.52, 5.48, and 4.96, as compared to initial general mean of 6.00.
The ratings for 48 months, shown in Table 15, averaged as follows in com-
parison to initisl ratings and previous low scores:

. temperature Crackers Biscuits Wafers
OF decrease from decrease from decrease from
initial previous low initial previous iow initial previous low
100 1.86 .33 2.57 .92 1.13 .26
70 .55 .R9: 1.05 .40 .68 .02
40 .18 .02 .83 .23 .23 -.16
0 A -.06 .51 .12 -1 -.36

Thus, crackers and wafers at O°F and wafers at 40° averaged higher at
48 months than at some previous period, and wafers at 0° averaged .11 higher
then initial. As seen in Table 15, 100° samples of CDé, 7, 8 and one of CD5
averaged below 4.00.

Flavor. Initial averages were 5.90 for crackars, 6.72 for biscuits,
and 5.60 for wafers for a mean of 6.17. Yearly means were 5.78, 5.66, 5.53
and 5.04. Differences between 48-months ratings and initial and previous
low ratings for products and temperavures were:

texperature Crackers Biscuits Wafers
F decrease from decrease from decrease from
initial previous low initial previous low initial previous low
100 1.8, .25 2.67 .87 .96 .2l
70 .66 .21 1.30 .53 .63 Ko/
40 .32 .03 94 .26 A2 -.06
0 .32 .06 77 .26 -.22 -.58
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Vafers averaged higher than for some previous period at 40° and O°F,
and higher than initial average at 0°. The 100°F samples of CD7 and 8,
and one eacn of CD1 and CDé6 were below 4.00.

Palatability. Initial averages were 6.11 for crackers, 6.66 for biscuits,
and 5.50 for wafers; for a mean of 6.21; yearly means were 5.97, 5.82, 5.75
and 5.21.

Reductions in ratings at 48 months from initial averages and previous
low ratings were:

temperature Crackers Biscuits Wafers
OF decrease from decrease from decrease from
initial previous low initial previous low initial previous low
100 1.64 49 2.156 .79 .84 .39
70 .72 .27 1.14 42 42 .17
40 .53 11 .84 .23 -.02 -.13
0 .51 .10 .66 A -.33 -.52

Wafers stored 48 months at 40° and O°F averaged higher than previous
low values and initial values. As seen in Table 15, this did not result
from scores being higher than for crackers and biscuits at these temperatures,
but from both initial and previous scores for wafers being lower. Wafer scores
et 100°F for all three hedonic ratings were above those of items CD6, 7 and 8,
however; CD7 and 8 scored below 4.00 for all ratings at this temperature.

Correlations of combined means for -he hedonic ratings of the ten items
with the other factors connected with stability are illustrated in Figure 2.
These were calciinted as follows:

i rank order range positicn
hedonic quality with:

canspace oxygen 43 43
peroxide values .52 40
free fatty acids ki .06
sensory quality 57 A48

For canspace oxygen and hedonic quality, items CDl, 2, 4 and 5 averaged
enly 3.5 T 1.0% spread in range position, CD1, 2 and 5 being mid-range, CD4
having high ratings with high (lesker) cxygen. CD7, also mid-range, was
the only other item which was close (spread about 17%), so the general rela-
tionship of hedonic quality and censpace oxygen applied to only about nalf of
the items. With psroxides only one item; CU3, checked exactly (highest P.V.,
lowest rating), and CD5 was within 20% spread with low rating, a moderate
oxygen level. TFive items, CD2, 3, 7, 9, 10 spread 24-37% of the range, ac-
counting for the low-level correlations but too generally scattered for
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practical association. Free fatty acids present & different pattern; CI2,
6, T, 8, 10 ranged within 8-18%, the others from 38-98% spread, so although
the group correlationt were very low, half of the items checked fairly well.
CD8 was on the low rating-high acid end and CD2, 6, 7 and 10 in the mid-
range for ratings and somewhat more widely spread in FFA content. Finally,
sensory and hedonic evaluations of quality, with the highest correlations of
the group, had one item checking exactly, CD8 &% the low ends of the ranges,
and CD2 was within 6% toward the high range. CD5 spread about 14% in low
to mid-range; the other seven items ranged 22-47%, ylelding a fair-sized
correlation but not close enough for significance.

The above gives some idea of the relationship of the various measure-
ments among items, independent of storage effects except as they influenced
general item means.

10. Correlations of Palatability Ratings and Other Measurements (Table 16)

The correlations of Table 16 were among samples, including temperature
effects {for items and product groups. It is seen that practically all of the
correlations with oxygen (except CD9), a few with peroxides, every one with
free fatty acids, and every one with sensory aroma and flavor are consider-
ably higher than those illustrated for items only in Figure 2. 'Thus, such
storage effects as increase in L and decrease in "a" and a/b color values,
depletion. of oxygen, and development of increased peroxide and free fatty
acid levels, all associated with higher temperatures, resulted in most of
the significant correlations of ahie 16, as flavor and erome are adversely
influenced by most of these reactions or by factors which cause them to take place.

One of the interesting sets of correlations is the group for sensory arcma
and flavor {by five experienced judges) vs palatability (by 25 judges with less
experience). Simple averages and standard deviations of these correlations over
the four years of storage are as follows:

6 months: +.14 ¢+ Lo 24 months: +.59 + .25
12 months: +.43 & .27 36 months: +.81 ¢ .13
18 months: +.50 ¢ .20 48 months: +.88 ¢ .10

It is apparent that the two panels were reacting generally to the same
sample characteristics at the third and fourth years. The sensory quality panel
noted and scored small differencc which the larger bedonic panel tended to
ignore at th: first three examinations (the hedonic panel frequently rating all
samples low because some members had not yet decided to tolerate the rsations,
good or bad). By the second year, sample differences associated with storage
were beginning to bring the results of the two modcs of evaluation closer
together (there being no longer any question that some samples were becoming more
intolerable than others, even among the "dislike" members).

Judging from the correlations at 36 and 48 months, aad ccnsiderirg whick
panel may have been more nearly correct in evalusting the rations during the first
two years, it bagins. to appear that an experienced panel of five or perhaps ten
members could proovably produce a reliable evalustion with a great deal less
expenditure of effort than that required to conduct and process the results of
the larger panels.
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B. The Carbohydrate Supplements

The hard candies of the carbohydrate supplement consisted of two flavors
and colors, lemon and cherry in equal parts. The two types were examined
separately for all determinations except tastepanel scores, for which only
comments were separate. Data and discussions are based on cans and items,
however, except in instances where there weredistinct differences as in
color values, and type variations are noted only when they were observed.

Through thres years of storage, 66 cans of each of three items, CD.il,
12 and 13, have been examined. The first 18 cans of each were checked in
detail, and for certair measurements the first 30 cans were checked. Scme
of the characteristics associated only with the product and unaffected by
storage were checked no further. Among these were counts of pieces per
pound, percentages of lemon and cherry types per can, rercentages of un-
sanded, off~shape and off-color pieces and certain measurements or. the
small kraft bags which were packed in the top of each can.

Characteristics of the product as received, based on 18 cans except
that net product weight was recorded for all samples, were as follows:

CD1l CD12 CcD13

net product weight, lbs* 3,.20Y 71 35.78F 20 34.03% .34
plece count per pound:

lemon 1ns.1 t41 7.8t 5 818 T

cherry 121.1 +4.7 90.5 t1g 8.4 T1.0

mean 139.7 T4 89.2 t .8 8.1 t 7
count & per can:

lemon 8.3 T, 485 T 1.9 49.2 t 4.2

cherry 51,7 T4 517 t1.9 0.8 t 4.2
unsanded pieces, count %:

lemon 021 .05 A5 1 .36 00% -

cherry 06T .08 D6t 26 01* .03

total .08 % .10 211 52 01+ .03
off-color pieces, count %: '

lemon 01 .03 01t .02 os t .07

cherry 01+ .02 .00 - 01* .05

total 021 .03 .01t 02 06 * .06
off-shape pieces, count %:

lemon 2.43 % .93 58+ .31 1.68%F 61

cherry 2.82 T 1.52 51 Y 3y 1.26 T .70

. total 5.25.1 1.80 1.091 46 294 % .90

#includes all product which rcde an 8-mesh screen., Msterial
passing 8-mesh, as percent of total net weight, is discussed beiow.
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1. Condition of Candy Bags (Table 17)

Measurements of interrnei size and length of top lip of the bags were
discontinued after 12 montls, giving 28 sets of measurements per item.

Internal size. CDl1 were all normal 300 x 500 (3 x 5 inches). CDi2 were
85% normal, 6% 213 x 500 (can code, 2-13/16 x 5 inches), 5% 300 x 413,
L4 unsealed on one side. CD13 were 83% normal, 14% 300 x 508, 3% 208 x 500.

Top 1ip. CD1l had 83% normal O4 (4/16 inch), 17% 03. CD12 had
86.;% nE:orms.E mal, 5% 07, 4.5% 03, 3.5% 05, 0.5% 02. CD13 had 96.5% normsl,
3.5% 05.

Counts of bags per can, measurenents of width of side seams (there
were no vottom oesms, the bags being fclded strips sealed along the sides),
and tests of strength of seams were made on all cans examined. The seam
test was a 1-1b steady pull for 5 minutes at 73°F/50$ r.h., uging a l-inch
section of seam.

8 per can. Usable bags (& few vere unsealed or torn) were counted
in 66 cans of each item. CD1l had 20 bags in 88% of the cans, 19 in L4.5%,

21 in 3%, and 17, 16 and none in 1.5% (1 can) each. CD12 had 20 bags in
T1.3% of the cans, 19 in 9.1%, 21 in 7.6%, 18 in 4.5%, 11 in 3%, and 17, 15
and none in 1.5% each. CD13 had 86.3% with 20 bags, T7.6% with 19, and
6.1% with 21,

Width of side seams. Normal width of the side seams is O4 (4/16 inch).
Of 3018 seams measured for CC1l, 3042 for CD12, and 3074 for CD13, total
134 seams, percentsges having various widths from 00 tc 13 were as follows:

width (D11  Cpl2  CD13  Total width CDL1  CD12 CD13 +total
i 3 I S - I 2 2 'Ti
00 - .95 - .32 o7 L.28 s.k2  11.74  T.17
o1 66  1.35 - .67 08 - .66 9.70 3.48
02 5.83 66 .12 2.39 09 - .26 10 .12
03 L.2T  2.56 29  2.37 10 - 1.38 81 .73
ob 66.27T Th.56 62.3¢ 67.T1 11 - .59 - .20
05 1.59 2.07 - 1.22 12 - 5 I .05
06 17.10 9.37 1k.25 13.56 13 - - .03 .01

Sean test. There was no indication of increase in defective seams of
item CD12 with storage, and only a small increase in linear amount of sep-
aration but no increase in percent of seams involved in CD1l. Results for
percentages of partially and completely separated s:ams, and lineer amount
nf separation in those sepurating only partially, are given for the first
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two and third years in Table 17. Seams of item CD13 had 8.8% complete sep-
aratioa and 6.0% partial separation up to 24 months, with 17.9% complete ~=2
4.6% partial separation at 36 months. Thus, abm* 2 .02 o1 tne seams in these
bags of CD13 were defective durines %l.o rarst two years (with some increase
with time within this perizi), and about 22.5% were defective at three years.

There wes no consistent effect of storage conditions on seam defectas,
as each of the significant differen~es among conditions resulted from one
or more of the more or less randomiy scattered high values cobserved in
various samples.

2. Condition of Candy (Table 18;

Chipped and broken piecer and climping of pieces are characteristics
which could be influenced by storage and handling. Percentaggs cf these
defects at 36 months, by ccunt, are given in Table 18. Also given are
data for material passing an 8-mesh screen, consisting largely of sanding
sugar hut also including tiny bits of candy which were small enou,g‘x to
pass the mesh.

Chipped pi.ces. These were defined as pieces which remained at least
75% intact, but from which bits of surface or corners were chipped off.
Initial percentages were 4.9 for CD11, 10.3 for CD12, and 5.3 for CD13,
for a a2an 6.8. CD11 averaged below initial at all examinations (3.25%
for 6-36 months) but CD12 and 13 both averaged above, though nct higher at
26months than at. 6 (CD12 and 13) or 24 (CD12). General storage &verage for
CD12 was 14.78%, that for (D13 was 6.16, so most of the increase over initial
was in CD12, with no definite indication of a time effect. There was also
no definite temperature effect, although the 40° and O°F samples averaged
slightly higher at the last two examinations.

No average difference was found between chipping of lemon and cherry
types in CD1l ~nd i2, Lut 65% of the cans of CD13 had :more chipped cherry
than lesmon, anda total average for this item was 2.78% lemon and 3.32% for
the cherry in the chipped pieces.

Broken pieces. These were defined &s bits of candy ranging from those
large enough to ride the 8-mesh screen up to 75% of a whole piece, Lut were
calculated as count percent broken pieces only for amounts in excess of that
required to restore all chipped pieces to normal weight. Thus, with reduc-
tions in weight for chipped pieces averaging 24.6%, 2.7%, and 11.6% for CDli,
12 and 13, respectively, .246 x 3.25 = 0.80% of CD11, .027 x 14.78 = 0.40%
of CD12 (corrected by an average of .17% "missing bits", as explained below,
to C.23%), and .116 x 6.16 = 0.71% for CD13 were present as broken bits in
addition to amounts which have been listed as broken pieces in the data.
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Count. percentages of broken pieces in excess of bits from the chipped
piecse averaged 2.65% for CD1l, .25% for CD12, and 3.08% for CD13 in the
cans examined initially. From storage, with no indication of a time effect,
averages for 6-36 months were 1.01,- .17, and .96%, respectively, or an
overall average of 1.99 - .60 = 1.39% less than initial. The reduction
probably resulted from the difference in amounts of damage for initial
and stored cans, as the three cases of each item examined as initials were
those which had received the most Jumage in shipping. The -.17% average
for CD12 was derived from the fact that this item averaged .17% more re-
duction from normal weiglt of chipped pieces than the total amount of
chips found; apparently some of the chipping occurred befcvre ths product
was packed, so the chips did not get into the cans. Alternately, the
shortage could have resulted from underestimation of counts psr pound in
CD12, but -.07 and -.09% shortages were found in cans from which counts
per pound were determined at 6 and 12 months, while shortages in cans opened
later, estimatec from the earlier counts, averaged -.07, -.60, and .00%.
Note: All weights from which the small percentages of defects were deter-
mined, as well as those used to determine count per pound, were made in
grams to eliminate the possibility of inaccurate weights.

There was no consistent temperature effect Ior broken pieces from the
various storage conditions, and ths average difference between lemcn and
cherry types was .025%, with no item difference in excess of .09%. Ap-
parently, the difference in mean percentages, .98 for CD1l and 13, -.17
for CD12, was the only significant effect connected with broken pieces.

Dieces stuck together. As seen in Table 18, clumping of the candy did
Aol dnvilive any great amounts of the pack, but within the range for each item,
can veriations were fairly large. Initial percentages, counted for five cans
of each item, were 1.69 ¥ 1.13 for CD11, 0.13 *..07 for CD12, and 0.46 ¥ .13
for CD13. Among the 50 cans of each which were examined from storage, CD1l
ranged from .05 to 7.87, mean 1.73%, CD12 from .00 to .26, mean .08%, and CD13
from .00 to 1.25, mean .34%.

In CD11, about 71% of the pieces invclved were in clumps of 2 pieces,
with 13, 5, 3, and 3%, in clumps of 3, 4, 5 and 6 pieces, respectively; the
other 5% consisted of 6 clumps of 7 pieces, 5 of & 2 of 9, 1 of 11, 3 of
13, and 1 each of 14, 17, 39 and 42 pieces. Two cans, stored at 70°F/57%
r.h., had loose 1lids and the product came from the containers in 34-1b blocks,
which broke up in being removed and were finally recorded at 1.8 and 3.4%
clumping, these being the amounts which were firmly stuck in doublets and
triplets. In CD12, averaging only .08% total clumping, 91% of the stirking
was in doublets, 9% in triplets. CD13 averaged higher, .46%, tut there was
only one clump of 4 pieces and one of 5 pieces, 8% of the stuck pieces being
in triplets and 91% in doublets.
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As in the two cans of CD1l with loose lids, some of the clumping was
associated with leaking cans, but mosh. was apparently not. For example,
again in CD11, ‘here were i} leakers, wiih clumping below 1% in 5, 1-2%
in 4, 3.2 in 1 and 6.1% in 1. In the 5L non-leakers, there were 23 below
1%, 9 at 1-2%, 4 at *-4%, 1 at 4.7% and 1 at 7.9%. Similarly, 2 leakers
in CD12 had .00 and .19% clumping, non-leskers ranged .00 -.26, mean .08%;
and 6 leakers in CD13 ranged .00 - .67, mean .43%, while 59 non-leskers
ranged .00 - 1.25, mean.34%. The same variaticn was observed with moisture
content, the net result being that, with the exception that CD11l (and CD13)
averaged 1.68% moisture ss compared to 1.49% average in CD12, there was no
consistent relationsnip between moisture content and clumping in CD1l and
CD12. CBD13 had an association of type (lemon or cherry), moistucre and
clumping, as seen in the following comparisons of types.

Item CD1l had an overall average of 48.3% for cherry type candy and 48.9%
of the clumping was cherry. General averages for moisture contents were the
same, 1.68 and 1.67%, for the two types. It was observed, however, that
while the 92% of the clumped pieces in clusters of 5 or less aversged 43.3%
cherry, the 8% in clusters of 6-42 pieces averaged 76.3% cherry, the red
type being higher in 32 of the 40 clusters involved. Moisture content was not
associated with this preponderance of cherry in the high-count clumps. CD12
averaged 38% cherry in the clumps at O and 36 months, 47 and 56% at 6 and 12
months, 83 and 87% at 18 and 2/, months, general average 61% cherry, with
moisture averages 1.45% for lemon, 1.48% for cherry, maximum difference for
any can .09%.

Item CD13 presented an entirely different pattern regarding type, moisture
and clumping. The 2-count clumps (91% of clumped pieces) averaged 71% lemon,
the 3-, 4~, and 5-count clumps were 100% lemon. By periods, moisture contents
and types of candy included in the clumps were as follows:

Initial 6 mo. 12 mo. 18 mo. 24 mo. 36 mo.
moisture, %:

lemon 1.79 1.96 1.93 .47 1.73 1.73

cherry 1.27 1.80 1.70 1.30 1.55 1.78
clumping, %:

lemon 45 A .34 .29 .30 .13

cherry .01 .10 11 .08 .08 .13

total L6 .2l .35 .37 .38 .26

Thus, clumping <f CD13 was apparently associated with moisture differences,
which were largel; between types; the very low clumping of CD12 was probably
associated witl the generally lower moisture (about 0.20% lower than CDll

and 13). The increased clumping and the type differences of CDll, however,
were apparently caused by factors, possibly including variable handling during
packing, which were not determined in the present study.
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There was no definite association of clumping witn storage tims, but
CD11 was lower (1.17%) than usual (2.00%) at 24-36 months, CD12 and 13
slightly lower at 36 months. Storage conditions may have exerted some
influence in that (1) the first, third, fourth and sixth highest values of
CD11 were from 100°F (average 4.95%) and the second highest, 6.09%, was
from 0°F; (2) of 21 can values above average for CD12, 7 averaging .17%
were from 100°, 5 averaging .18% were from 0°, 9 averaging .15% were from
70° and 40°; and {3) 11 high cans of CD13 averaged .54% from 100°, 4 averaged
.56% from 0°, but 8 also averaged .66 from the other three conditions. Thus,
the extrene temperatures appeared to produce more of the extreme values
{about 45%), but the temperature patiern was tar from definite.

As clumping probably resulted in most instances from surface moisture,
packing under temporarily ®igh humidity, or can leaks (those detected and
possibly others which were stopped before leak tests were made) could Lave
accounted for most or all of the clumping. Ccndit_ons such ac these could
cause surface moistening with amounts of moisture slight enough to have
little influence on the process moisture levels in the candy.

Materizal passing 8-mesh screen. Consisting largely of loose sending
sugar but with some tiny bits of candy, material smaller than 8-mesh averaged
higher in CDI1 and CD12 than at any previous examination, and higher than
the previous average in CD13 exceptirg the initial. Ini*ial, previous aver-
age, and material at 36 months, respectively were 2.45, 3.12 and 3.71% for
cb1l, .66, .54 and .74% for CD12, and 1.08, .86 and .91 for CD13. For the
three items, the 36-menths material amounted to approximately 21, 4, and 5
ounces per ca:i in addition to the net product weights given above. The slight
increases over previnus averages probably resulted from extra handling of the
candies in transferring to the new storage facilities. Otherwlise there has
been no apparent time effoct; the initial samples also came from cans which
had been handled somewhat rougher, in shipping.

There was no consistent association of amounts of loose material with
storage conditions in any item, as can variations were quite large. Ranges
and general averages were 1.09 - 7.55, average 3.24% for CD1l; .24 - .96,
average .58% for CD12; and .37 - 1l.46, average .86% for CD13.

3. Appearance and Color (Table 19)

Sensory scores for arpearance and c>ior of the carbohydrate supplements
stored for 36 months were obtained from tne jiive judges of the product quality
panel in exactly the manner described for the cereal rations. The two types
of candy were sccred together, with comments on each type as the judges desired.
Scores given in Table 19 are the means of the separate ratings, which averaged
.0 lower for color than appearance of CD1l and 12 sut .13 higher for color of
CD13, which was scored .25 higher than initial at the two lower temperatures.
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Compar. .ons of the appearance-color scores with initials, which aver-
aged 8.36, 8.24 and 8.20 for the three items, and with previous low scores
were as follows:

lemperature reducticn from initial scores increase from previous low scores

°F Cch11 CcDh12 CD13 Cchil Cbhlz2 CD13

106 1.58 .84 1.52 .67 .20 -.32

s .88 .76 .52 .10 .25 .02

40 and O .83 1.01 .00 .CO -.20 .27

™ e scores shown for CDl1 at O°F, CD12 at 40° and0°, and CD13 at 100°
and v ‘/80% are the lowest received during the three years of storage (the
70°/57% score for CN13 was up enough to average +.02 at 70°). Previous lows
for CD11 were at 1% months, those for CD12 at 6-18 months, those for CD13 at
12-2} months. Scores were reduced primarily for sligat “"sugaring" and darken-
ing at 10C°F, and for "dullness" of surface et lower temperatures. There has
been very little fading of color in this product.

L. Hunter Color Values (Tables 20 and 21)

The color of individual pieces of carbohydrate supplement CD1l is quite
variable, and CD13 and CD12 are alsc somewhat variable, in the order listad.
Thus, color was determined on duplicate coumposite samples prepared by chop-
ping and screening about a pint of candy per sample, using different sieve
sizes for various determinations. The initial, 6 and 12 months samples were
sized to 14-20 muth for :solor readings, but it was necesssry to use 8-14
mesh samples at 18 and 24 months because, after remodeling tne air conditioning
equipment of the work room, the 14-20 mesh samples wers too “dusty"., At 36
months the 8-14 mesh samples were in {urn found too dusty when prepared in
the work room of the new building, requiring a s3:ifi to 4~8 mesh samples
cracked by hand to prevent dust.

Each shift in particle size of the samples resulted in a shift of
scele position for the Hunter Color readings, making it necessary to
evaluate the readings as color differences rather than as finite values.
This was done by subtracting the lowest of the six storage means in each
group from each mean in the group, thus setting the low mean at zero and
converting the others to differsances. These were then compared toth as
differences and by rank order, with the zero difference as rank 1, the
largest difference as rank 6 (or rank 4 in instances where only the four
temperatures were compared after averaging the 100° and 70°F readings).

Hunter L Values. A comparison of beth differences and rank orders for
the five storage periods failed to reveal any indication of a general time
effect such as was observed in the progressive increases of L values for the

cereal items at the higher temperatures. Averages and mean rank orders of
temperature differences for the five periods were:
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temperature lemor type supplement cherry t pe supplement
°F cDll C¢D12 (CD13 Mean CD1l CD12 (CD13 Mean

B N T Y

mean differences:

PRV

100 1.22 1.66 94 1.27 2.67 .50 1.65 1.61 ;
70 1.49 91 .36 .92 1.52 25 1.17 .98 ’
40 1.17 45 67 .76 1.60 13 1.37 1.03 '

0 1.67 .13 .31 .90  1.50 .57 1.k5 1.17
mean rank order (1-4): “

100 2.2 3.0 2.8 2.67 3.0 3.0 2.8 2.93
70 2.8 .6 2.0 2.47 1.8 2.4 2.4 2.20
40 2.4 2.0 3.0 2.47 2.4 1.6 2.4 2.13

0 2.4 2.4 2.0 2.27 2.8 3.0 2.4 2.73

As seen, differences were larger and mean rank orders more widely
separated in the cherry cardy, but periodic temperature fluctuations were
quite large; nothing was significant for L values of cherry except <nhe
smaller differences of CD12 as compared to CD1l and 13. For lemon c«andy,
CD13 had significantly smaller differences, and CD12 was also smaller than
CD11. The incrsase in mean L value at 100°F was significant when compared
to that at 40°. The greatest difference was, of course, in CD12; this
candy and the cherry type of CD1l exhibited a considerable amount of sari-
able fading at 100°F, although not seen too clearly at 36 months.

Analysis of the lemcn results also revealed a time effect in CD11,
this being that the temperature differences became steadily greater during
the second and third years, although this was not related to any one
temperature. Commenis by the sccre panels indicated a noticeabls dazrkening
of color in somr samples, again variable as to storage location, and dull
surfaces in others. These probably contributed to the increased variability
in CD11, and may have accounted for some of the general drop in L velues in
conjunction with the drops encountered in changing sample particle sizes.

Hunter "a" Values. Changes in "a" values, which indicated the amount
of green in CD11 and 13 lemon, faiat pink in CD12 lemcn, and red in all
cherry candy, were even more variable than those of the L values. Increases
of particle size of lemen candy to eliminate dusting of surfsces resulted
in decreases in green in CD11 and slightly in CD13 and increases in pink of
CD12; CD11 shifted finally to an almost exact green-pink balance at 36 months.
In the cherry candy, red colors varied but exhibited little actual shift
through 24 months; the switch to 4-8 mesh particle size at 36 months coin-
cided with decreases in red with relatively little change in yellow component,
which was low enough in CD1l and i3 to give the candy a somewhat purple
appearance.
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The five-period summary of differences from periodic low values, with

mean rank crders of the differences ranked from 1 (lowest value, set at

gero) to 4 (largest difference above low at each period) was as follows:

temperature lemon type supplement cherry type supplement
°F CDll ¢Dhl2 CD13 Mean cDl). cDl2 €013 Mean

mean differences:

100 2.20 .51 .92 1.21 2.21 A6 1.86 1.51
70 1.68 1.55 .60 1.28 2.03 1.7, 1.59 1.79
40 .78 1.90 .39 1.02 2.09 1.48 .29 1.35

0 1.58 1.90 .23 1.24 2.31 i.48 2.09 1.96
mean rank order (1-4):

100 3.0 2.0 2.9 2.63 2.6 1.4 3.2 2.40
70 2.6 2.4 3.0 2.67 2.8 2.8 2.4 2.67
L0 1.8 2.8 2.5 2.37 2.4 2.8 1.5 2.23

0 2.6 2.8 1.6 2.33 2.2 3.0 2.9 2.70

It is obvious from these values that there were no general trends in
"a" yvalues for either type of candy, but some definite, and significant
trends appear in individual items. 1In the Jemon candy, the LO°F samples
of CD11 were greener than those at other temperatures, with some tendency
for less green in 100° storage than in any of the other conditions. CD12
was definitely less pink at 100°. Differences were smailer in CD13, but
there was a suggestion of greener samples at the two low=sr temperatures.

In the cherry type, CD1l exhibited a time effect, with smaller readings
at 100°F (probably fading) during the first year but at O° during the latter
part of the second and the third years. This shift apparently resulted
from a combination of darkening at higher temperatures and purpling at 0°
during the last half of the storage period, as both were noted by the score
panels at 24 and 36 months. It is seen by reference to Table 21 that both
CDil and CD13 were more purple than red (pure purple, an "imaginary" color,
gives zero readings for "a" and "b" or other measurements derived from
wavelength). CD13 had lower readings for "a" at 4O°F except at 36 morths.
CD12 was more red than purple, with a tendency toward slight fading and
later slight purpling at 100°.

Hunter "b" Values. Values for yellow component of lemon candies did
not vary mch with the shift of particle size frcm 14-20 mesh to 8-1i mesh,
but averaged 8.8 ¥ .8 points lower with the shift to 4-8 mesh cracked
samples at 36 months. Some of the decrease mey have resulted from the dul-
ling and slight "darkening" noted by the score panels for the last period.
Yellow component of cherry candies changed very little at any parioed: axcept
a 1.8 ¥ .6:increase for all three cendhes ati2l menths and.a.3.0:% 1:0ucu hs
increase for CD12 at 36 months. The slight increases at 24 months
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were probably sample preparation variations, as all three Hunter readings

parently associated with the change in particle size of the samples.

The summary of differences and rank order for storage conditions,

increased about the same amount; the 36-months increase in CD12 was ap-

similar to those given above for Hunter L and "a" values, is as follows:

temperature lemon type supplement che: type supplement
°F CD11 CD12 CD13 Mean CD1l CDl2 CD13 Mean
mean differences:
100 1.59 1.00 .83 1.1, .53 .05 42 .33
70 2.56 .35 1.19 1.37 .70 A6 .89 .68
40 .83 .31 .16 43 .16 .72 N .54
0 1.49 67 .28 1.01 .30 .76 40 49
mean rank order (1-4):
100 2.4 3.5 2.6 2.83 2.6 1.4 2.3 2.10
70 3.2 2.2 3.2 2.87 3.6 2.8 3.4 3.27
40 2.0 2.1 1.6 1.90 1.6 2.8 2.4 2.27
0 2.4 2.2 2.6 2.40 2.2 3.0 1.9 2.37

For lemon candy, yellow readings tended to be lower :or all items at
40°F; for cherry, 4O° samples were lower for CD11, 100° samples for CD12,

while CD13 was variable. Differences were generally smaller for the cherry

t type, which had generally low "b" or yellow-component values. Rank order
means indicate that the larger readings at 70°F for both types of CD1l
and 13, and at 100° for CD12 lemon, were fairly consistent trends which

. would apparently suggest little tendency for darkening, while the reduced
values for CD12 cherry at 100° corresponded to the observed trend toward
purpling. There was little indication of a time effect except some in--

creuse in size of differences at 24 and 36 months.

Hunter a/b ratios. Higher a/b ratios corresponded to shifts toward

Yellow in CD1l and 13 lemen (i.e., less green or more yellow or both)
but toward pink in CD12 lemon (more red or less yellow or both). In t
cherry candy tte higher ratios resulted from more red or less yellow,

both, which could mean lack of fading, lack of purpling, or darkening.

In general, the higher temperature samples of CD1l and 13 lemon

tended to fade or dull slightly, buc since the fading was of grean, thereby

he
or

moving toward gray, the score panels usually commented "dull" or "darker"

for samples which increased much in ratio (increase meant decrease in

negative ratio). The LO°F samples of CD1l lemon and 40° and 0° samples

of CD13 lemon changed less than those at other conditions. There was
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some teadency for fading of pink (lower positive ratio) in the 100°F
samples of CD12 lemon, with relatively little difference in comparative *
hue at lower temperatures.

Shifts of ratios in the cherry candy were mathematically larger than ‘
those in the lemon type, but exhibited no consistent trend for temperature
differences except in the lower (slightly more purple) CD13 samples from
LO°F storage. There were no apparent time effects in either type except
those discussed in connection with "a" or "b" trends in the preceding sections.

5. Moisture Content (Table 19)
The 65-can averages for moisture were:

Chl1l CcD12 CD13

4 % %
Jemon 1.66 1.48 1.76
cherry 1,64 1.47 1.60
mean 1.65 1..48 1.68

Maximum differences betwecen the two types were .26% for CD1l, .09%
for CD12, and .60% for CD13, with cans about evenly divided between the
two types in CD1l and 12, but higher for lemon in 70% of the cans examined
in CD13 through 24 months. As noted above, clumping was highly correlated
with moisture between the two types in CD12, not in the other iwo items.

There was no trend for differences among storage conditions except -
2 slight reduction in 100°F samples of CD12, which averaged 1.41% compared
to 1.53% for lower temperatures (100° samples were lcwer in 83% of com-
parisons with other conditions). A tine difference was noted as follows:

CD11 cD12 D13
% z %
Initial, 18, 24 mnths 1.39 + .2, 134 % .07 1517F .13
6, 12, 36 months i.86 1 .06 1.59 = .06 1.82 % .05

This seems almost certainly due to some difference in technique, which
was listed as the procedure used for cereal items with the exception of using
20-mesh pass samples. The early preparation room was used for initiazl, 6 and
12 months, the second rocm for 18 and 24 months, the new rocm at 36 months,
which does not coincide with the moisture shifts. Since there were no
known variations in weighing and drying technigues, the shifts may have
resulted from local variations in humidity of the work rooms, however, as
uniform control at 50 ¥ 2% r.h. can be guaranteed only at the position oc-
cupied oy the controller-recorder mechanism.
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6. pH Values (Table 19)

S g L e bﬁ;i-;aﬁ‘b
-

pH values were determined with the customary glass-electrode pH
electrometer, using 1 + 1 solutions of candy prepared with demineralized
water. Initials for CD11, 12, 13 were o.55, 6.70, 6.75, respectively, with
an average T variation of .10 between lemon and cherry types of candy. With
considerable can and sample variation, mean valuss were above initial at 6
ana 12 months, near initial at 18 months, with slight decreases at 24 and 36 i
months for CD12 and 13 but a further drcop for CD1l. Means by periods for i
the three items were 6.84, 6.97 and 7.0l at & and )2 months, 6.59, 6.68
and 6.81 at 18 months, and 6.23, 6.60, and 6.66 at 24 azd 36 months.,

PR T

Nk

With the exception that CD12 averaged .15 ¥ .11 lower at 100°F than
at lower temperatures (95% of the cans were lower), therc were:no:consisbant

temperature effects, so the reason for the period variations was noi sug-
gested. There seems little doubt, however, that the samples of CDll were
at least .25 below '"normal" at two and three years, as they were only .15
below CD12 and 13 at initial through 18 months and .40 below at 24 and

36 months.

Despite variations ranging as high as .45 between lemon and cherry candy
in certain cans, the general averages for the two types were within .02
.02 for CD11 and 13. The cherry candy of CD12, however, averaged .11 lower
than the lemon, the cherry being higher than lemon, by .07 ¥ .04, in only
11 of the 65 cans examined.

7. Sugar Contents (Table 22)

Sugars were determined by the official Lane-Eynon general volumetric
procedure, with acid inversion at 73°F (Association of Official Agricultural
Chemists, Washington, D. C.). Reducing sugar titrations were corrected for
sucrose effect as directed by Fitelson (J. Assoc. Off. Agr. Chem., 1932,

p. 624). All results were calculated on a dry weight basis.

Reducing Sugars as Dextrose. Initial values fcr the three carbohydrate
supplements and average values Ior the 60 cans examined from storage were:

D11 CD12 cR13
4 % Z
Initial:
lemon 19.23 16.27 17.34
cherry 19.56 16.27 17.49
average 19.29 16.27 17.41
Storage:
lemon 18.0% 16.07 17.53
cherry 17.95 16.09 18.20
average 17.98 16.29 17.86
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Storage samples of CD1l ranged from 16.5% to 20.3% dextrose, but the
60-can average was 1.4% below that of the cans examined initially. Ranges
were 15.7 - 16.6% for CD12 and 16.8 - 19.0% for CD13, so differences between
initial and storege averages are well within limits of item and can variances.

There wore periodic fluctuations, but no significant trend for change
of dextrose content with storage time. As compared with the 17.3)% average
for all examinations from storage for the three items, period averages for
6, 12, 18, 24 and 36 months were 17.29%, 17.05%, 17.36%, 17.62%, and 17.21%,
respectively. Temperature differences were also apparently without pattern.
The six condition means of CD12 ranged 16.02 - 16.18%, averaging 16.C5% at
100°F, 16.09% at 4O° and 0°, and 16.12% at 70°. Items CD1l and CD13 had
greater spread, averaging 18.30 1 .14% and 17.63 ¥ .11% at the two 100°F
conditions, 17.69 ¥ .11% and 18.15 * .09% at the 70° conditions, 17.99 %
.03% at 40°, and 17.77 % .13% at 0°.

There was one type difference which was relatively consistent, between
lemon and cherry candy of CD13. Of the 64 cans examined, including initisls,
15 cans averaged .36% higher dextrose in the lemon type, 49 cans averaged
.94% higher in the cherry. The mean differences for all storage samples
were .31% at 100°F, .81% at 70°, 1.05% at 40°, and .65% at 0°; no reason was
suggested for the lower difference at 100°.

Sucroge. Mean values for various periods were:

cb1l CD12 cD13

z 3 Z
initial 62.81 65.13 62.96
6£-12 months 63.46 65.10 62.71
24 monchs 61.33 65.86 62.69
36 months 62.86 64.30 60.93
6-36 months 62.91 £<.09 62.35

Total ranges were 56.7 - 64.8% for CD11, 63.9 - 66.9% for CD12, 59.6 -
64.6% for CD13. As with dextrose, CD12 was relatively uniform in temperature
means, 64.92 £ .18 at 100°F conditiuns, 65.26 + .06% for the two 70° rooms,
65.08 T .06% for the lower iLemperatures. CD1l and CD13 averaged 62.57 * .09
at 100°F/80% r.h., 63.80 and 62.98% at 100°/57%, 63.64 and 62.28% at 70°/80%,
62.05 + .19% at 70°/57%, 62.12 ¥ .08% at 40°/57%, and 63.14 and 62.28% at O°.
Thus, sucrose differences were more variable than those for dextrose, but lower
sucrose values were usually matched with higher dextrose in CD1l and 13.

Types averaged 62.91% for both lemon and cherry in CD11l, 61.07 and
61.11% in CD12, but cherry type was lower in about 85% of the cans of
CD13, general averages being 62.96% sucrose for lemon and 61.74% for
cherry. Temperature differences were also found for types in CD13, roughly
in inverse proportion to those noted for dextrose.
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Total Sugars. As samples with higher dextrose usually had lower sucrose
and vice versa in CD1l and CD13 (CD12 had an indistinct pattern, but smaller
ranges), the variations in total sugars were somewhat less than those in
sucrose, Initial and storage values were:

Initial periodic mean range total le range general mean
4 % X

CDl1 32.20 79.9 - 82.0 76.9 - 83.3 80.89
Chl2 8l.iw 80.1 - 82.2 79.8 ~ 83.5 81.17
CDhl13 80.37 79.0 - 81.0 78.0 - 82.8 80.21

Temperature differences were also somewhat less than for sucrose in
CD11 and CD13, slightly greater in CD12, as seen from the general storags
means:

100° 100°/57% 170°/80% 70°/57% 140°/57% 0°/ambient
T3 £ 4 3 3

CDi1 80.92 81.54 81.22 80.48 80.16 81.04
D12 80.76 8l1.18 81.50 81.26 8l.12 8l1.22
Cb13 80.82 80.50 80.08 79.92 80.06 79.92

Thus, there still seems to he no apparent pattern for changes of sugars
in storage of the supplements, nor is there any consistent net change
when considered in comparison with ranges of variation.

Dextrose/Sucrose. This ratio was included in the sugar data for the
purpose of indexing changes in the two types of sugars, if changes occurred.
The ratios have followed the variations discussed above, ranging .258 -
.356, mean .286 for CD1l; .242 ~ .251, mean .247 for CD12; .266 ~ .309,
mean .287 for CD13. Further comment on the relationship of the ratios to
dextrose and sucrose values is given below.

General Discussion. With the obvious physical changes in color
as well as in surface crystal state which have been observed in many samples
of the candies particularly at 1G0°F, some involvement of chemical <h - &s
in the sugars might reascnably be expected. The results indicate t:
if any inversion has occurred, the amouats of sucrose which have boen
hydrolyzed have been small and within the limits of item variance.

Several checks were made for invert svgar by gas chromatography, wits
no indication of activity in the invert ares. In cendy of the supplemsnt
type, however, with very low moisture, a low-rate inversion might yield
anhydrides instead cf invert sugar, and the levulinic fractions undergo
further reactions toward eventual polymerigation. Some of the color, or
appearance, and flavor changes were not incompatible with the effects of
such reactions. Also, slight but varying amounts of hydrolysis probably
took place during the cooking of the candy.
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On the other hand, all of the variations could have originated in
f~rmulation, or some as a result of possible errors in analytical procedure,
since fa¥r dififetentutethnicisns worked on the analyses.~uin the.lalter case,
however, it would not seem likely that most of the technical variance
woiid occur in CD1l and the lezast in (D12, as all of the candies within
any pericd were analyz:d by the same technician or technicians using a
sirgle lot of reagents.

In an attempt to gain further insight intc relationships among the
sugars with reference to item characteristics or possible storage erffects,
data for the 30 storage samples were compared by simple rank order cor-
relations among the sugar values, pH, and moisture contents. The following
relationships, or lack of apparsnt relationships were calculated:

Correlation CD11 CD12 CD13
(rank order) samples r samples r_  samples T
Dextrose with:
sucrose 22 -.927 NS - 20 -.827
total sugar NS - 22 +.890 NS _
dextroge/sucrose 30 +.98, 20 +.924% 30 +.932
moisture 21 -.936 NS - NS -
Sucrose with:
total sugar 20 +.900 30 +.971 28 +.936
dextrose/sucrose 23 -.948 NS - 2l -.915
pH 20 +.895 NS - NS -
Dex./Suc. with moisture 21 -.921 NS R NS -

Correlations which were non-significant for all items (i.e., which
yielded r values less than .500 using all 28 degrees of freedom) were
dextrose with pH, sucrose with moisture content, total sugars with dex./
suc., pH, and moisture, and dex./suc. with pH. Samples omitted from the
correlations (2 to 10 out of 30, as shown) were those which, although
yielding significant results when included in the total 30, did not yield
correlations as large as .500 when calculated alone. This was done in
order to demonstrate the relatively high degree of association (68% to 90%
of the variince) among the remaining numbers of samples out of each group
of 30 storage examinations.

The negative correlations of dextrose with sucrose in CD1l and CD13
(but not in the less variable CD12) and with moisture in CD11, end the
positive correlation of sucrose and pH in CD1l, are relationships which
might be expected with hydrclysis or hydrolytic polymerization reactions
in low-moisture candies. The correlations of dextrose and Ssucross with
dextrose/sucross ratios are obvious, as high ratios resulv from high
dextrose and/or low sucrose, and vice versa. The relation of the ratios
to moisture was apparently corollary to the influence of dextrose (negative
with moisture) on tne ratios.
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Correlations nf sucrcose with total sugar were expected, as the samples
contain 3.5 to 4 times as much sucrose as dextrose. These would probably
be present with or without hydrolysis, but certainly dc not rule it out.

On the other hand, the fact that both dextrose and sucrose were positively
related to total sugars in CD12 suggesis little or no hydrolytic influence
in this item,

Thus, while no experimental evidence of hydrolytic reactions of sugars
was obtained, the relstionships existing among the various analytical results
were in accord with the possibility of such reactions either in manufacture
or at low levels within the rauges of sample variance in items CDI1l and CD13.
On the other hand; relestionships existing in CD12 suggest normal sample
variance only, with considerable less range in carbohydrate composition. It
should be noted thaet neither storage periods nor stcorage temperatures ex-
hibited any pattern in cormecticn with the correlati~ns in any of the items.

8. Sensory Scores for Texture, Aroma and Flavor (Tables 23 and 2L)
Scores were assigned by the 5-member sensory quality panel. scoring

identified samples as described above. Initial scores for the carbohydrate
supplements were:

ch11 cD12 CD13
taxture 8.2, 8.56 8.20
aroma 7.36 7.60 7.80
flavor 7.92 7.32 7.85

Comparisons of the scores shown in Tables 23 and 24 wivh the initials
and with previous low scores were as follows:

temperature reduction from initial scores® increase from previous lcw: scores®
°F CD11 Cnl2 CD13 CD1l Ch12 CD13
Texture:
100 1.09 1.1 1.25 .25 .35 ~.55
70 A .86 45 .50 .30 .15
40 WA 1.06 .30 .10 .20 .70
0 1.1 .66 .20 -.30 .60 .60
Aroma:
100 1.16 1.05 1.85 -.15 -.20 -.75
70 .56 .40 .95 -.25 NS -.15
40 .26 .70 .50 ~.20 =.4C -.10
0 -.54 -.10 ~.40 .70 .60 .90
Flavor:
100 2.17 67 1.45 ~-.85 .05 ~.60
70 .82 A2 45 .00 .15 -.15
40 1.12 .52 .05 -.60 ~-.60 .50
0 1.42 -.08 -.25 -1.00 .10 .50

8Negative reductions indicate 36-months scores higher than initial.
PNegative increases indicate lowest scores of the 3-year storage period.
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It is seen that only two samples, CD11 at C°F and CD13 at 100°, were
scored lower on texturs than at some previous examination. Texture scores
varied with individual samples, being based mostly on 'brittle hardness"
vs "tough hardness®. Most of the 100°F samples were somewhat tougher, or
perhaps 2 bit harder in some instances, but the 0° sample of CD1ll and 40°
3ample of CD)2 weru scored about a> low as the 100° candy,

All O°F samples were scored higher than initial ratings on aroma. This
probably resulted from compariscns with samples from the higher temperatures,
all of which except CD12 at 70°F were scored lower than on any previous
examination. Off odors, 'terpene", were given as the cause of low scores
at 100°, and general "flatness' or lack of typical aroma were ncted at 70°
and 40°, with some traces of off cdors in the 70° samples.

Flavor scores, which averaged lower than aroma for CDll and higher
for CD13, were marked down for about the same reasons as those given for
low aroma scores. (D12 and CD13 from O°F were also higher than initial,
but CD1l from this temperature was described as 'very flat, slightly off".
As seen, several of the samples above 0° were scored lower than previously,
though none were seriously affected with anything except lack of flavor.

9. Hedonic Ratings for Aroma, Flavor and Palatability (Table 24)

The hedonic ratings were obtained in exactly the manner described
atove for cereal item ratings, several pieces of each type of candy,
lemon and cherry, beiny presented as each coded sample. 1Initial ratings
for the three items were:

CD11 CD12 CD13
aroma 6.88 €.76 7.04
flavor 7.76 7.24 7.76
palatability 7.48 7.40 7.7

The ratings given in Table 24 were reduced from initial, and differed
from previous low ratings, as follows:

ch1l chi2 CD13
36 months from 26 months from 36 months from
temperature initial previous low initial previous low initial previous Jow
°F decrease change decrease change decrease change
Aroma:
100 .92 .19 .56 -.29 .70 -.25
70 .65 -.08 .31 -.25 42 -.04
40 42 .00 .10 - .18 .08
0 .24 40 -.20 34 42 -.20
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cD11 CD12 cD13 :
36 months from 36 months from 36 _months from
temperature initial previous low initiasl previous low initial previous low
[ ]
F

decrease change decrease char ge decrease change «
Flavor:
100 1.32 .29 .82 -.18 1.09 -.10
70 .98 .07 .69 -.31 .85 .13
40 1.12 -.10 42 -.18 .86 .06
0 1.06 .02 .32 .20 .76 .22
Palatability:
100 1.06 .21 7N -.15 1.00 .02
70 5 .08 .84 -.31 .69 .32
40 .6b -.02 .60 -.12 .72 .26
] .66 .26 .68 -.06 .66 .36

The aroma rating., though reduced less from initial ratings than were
those for flavor and palatability, nevertheless averaged about .30 less, as
they were lower at the start; i.e., the initial difference of .67 ¥ .13 in
aroma ratipgs was reduced to .28 ¥ .13 at 36 wcaths. With ratings ranging
5.78 - 6.9% for aroma, 6.26 - 7.00 for flavor, and 6.34 - 7.10 for palat-
ability, and 100°F mean ratings 6.16, 6.51 and 6.55, respectively, none of
the candies were even close to the 4.00 rating usually considered as border-
line foy acceptability.

In general, CD1l averaged above previous lows at 100¢ and O°F, while 4
CD12 was somewhat lower than previously at all conditions except 0°; the
net result was that the two items had almost the same total rating. CDi3,
gaining very slightly over previous lows except at 100°, averaged about -
.25 higher than the others, whereas it was about .15 and .40 highar for
general averages on initial examination. Thus, the general relationship
among the three items has.not varied by more than about .25, with maximum
differences ranging around .50, as a result of three years of storage.
Flavor decreases were fairiy serious at 1C0°F, but it is possibie that
the ultimate termination of storage life at this elevated temperature
may result from changes in appearance and color.

10. Correlations of Palatability Ratings and Other Measurements (Tabls 25)

The correlationz shown in Table 25 are fa¥rly typical of the pattern,
or lack of pattern, at every storege periusd. There has been no objestive
measurement with which pulatability has beea ccpsistently corralated;
aroma and flavor, on which the ratiugs sre primarily based, are the only
characteristics which have exidbited 8 greduated {emperature effect. Color
changes have usually taken place only al I00°F; other cha-acteristics have
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demonstrated practically no temperature dependence. Even the correlat.on
between the sensory quality and hedonic rating taste panels, which has
become progressively higher with the cereal items, has varied with the
carbohydrate supplement. The probable reason is that the smaller panel
has given more atteation to ssmple variations ir. an attempt to evaluate
quality than has the hedonic panel in merely eatiny candy. In this
comparison the hedonistic approach has apparently been the better one,
at least during the first three years. The more or less gradusl loss of
aroma and flavor, and developmunt of slight to moderate off flavor at
100°F, have been about the only easily evaluated changes in the pitoduct,
and the hedonic judges have exhibited very iittle concern with the more
varisble and less predictable differences in color and texture.

The morec definite correlations among sugars, pH and mcisture with
item CD11 are seen in Table 25, although the inclusion of CD13 in the pat-
tern at 36 months was not as frequent as it was when all storage periods
were evaluated. There appears to be a higher degree of association in the
cherry type of CD13, whereas the lemon type has more significant comparisons
in CD11l. As with the total period, CD12 did not follow the pattern of the
other two items at 36 months.

It is possible that more consistent relationships between palatability
and other measurements may develop with further storage of the supplements,
but theres is apparently no '"central" pattern to link the varicus measure-
ment areas, cbjective and subjective, such as that provided by the oxidative
nature of most of the significant changes in the cereal rations.

Coticiusiois

As storage of rations from original procurements for the project is
being continued under subcontract with another agency (see Foreword), only
tentative conclusions are possible at the current four-year period of the
study. Certain changes in the stability of ration components at higher
temperature or humidity conditicns, however, were relatively well defined.

The V3c fiberboard of the cases is apparently unstable at 100°F.
Average decreases in bursting strength at 100°/80% ranged from 10% in 6
months to 3% in 4 years: decreases at 100°/57% aversged 3-5¢ less. Thers
was also an 11% decrease at 70°/80% but no change at 70°/57%, and & $%
increase at 40°/57% but only 6% increase at 0°/(high) ambient, so apparently
both temperature and hunidity affected the bursting strength of the fiber-
board. Otherwise, cases remained in satisfactory condition.

As a whole, can coatings provided inadequate proutection for prolonged
storage at 100°/80% and 70°/80% conditions. Unsightly and potentially
dangerous amounts of rust developed in areas where coatings had been burned
or rubbed off in soldering or seaming or scraped off in handling. Leaking
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cans, ranging 10-80% among 7 of the 13 items, were attributed almost
entirely to faulty seaming, possibly associated with light-weight metal
and "odd" siges and shapes.

Packaging materials were too light and brittle in most cracker and
biscuit itams (and completely absent in carbohydrate supplements). Con-
siderable smounts of internal surface corrcsion where products touched
can walls, and of package and prcduct btreakage among crackers and biscuits,
were apparently csused by loose packing, inadequate or no stuffing meterisl,
and the inability of frail wrappers to withetend sharp corners of products
with handling of the caus.

Oxidative reactiona at 100°F and to some extent at 70° were major
factors in limiting the stability of cereal rations. Hydrolysis of jess
stable fats at 100° also contributed to adverse changes in flavor of 2
cracker items, 2 biscuits, and the 2 wafers. Darkening and dulling of
color, varisble changes in :rystal structure, and development of off flavors
at 100° were the only significant changes in carbohydrate supplement. Maximum
storage life of 4 to 5 years at 100° can be variously estimated, wafers ap-
parently tending to remain acceptable somewhat longer than the other three
types of rations, but three years at 100° would probably be nearer an optimal
replacement schedule. Maximal and optimal periods ai 70°F may prove to be
about double those at 100°. Results to date offer little indication of
stability limits for rations stored at 40° and 0°F.
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SUMMARY

Fallout shelter rations from ten procurement lots were stored L years,
and three lots of carbohydrate supplement were stored 3 years, at six con-
trolled temperature and relative humidity conditions. The ten cercal rations,
consisted of four lots of survival crackers, four of survival biscuits, and
two of bulgur wheat wafers. Carbohydrate supplements were standard hard
candy mixture of lemon and cherry flavors. OStorage conditicns were 100°F/80%

r'h': 1000/57%: 70°/80%, 700/57%: h0°/57%, and 0°/ambient r.h.

Results of examinations of cereal items at 48 months and carbohydrate
supplements at 36 months are given in detail. These include general condi-
tion and various stability characteristics of V3c fiberboard cases, 2-1/2-
gal’cn and 5-gallon metal cans, ration packaging materials and candy bags,
and of the individual cereal and supplement rations. Brief comparisons with
results of previous examinations at 6, 12, 18, 24 and 36 months are also

included.

SR Lk g o L,

ETN
et ol e e,

I. Fiberboard Cases.

1. Bursting strength of fibervoard stored at 10C°F was reduced by
averages of 90 psig at three years and 145 psig at & years. All cases
were balow 400 psig at 4 years, 20% being under 300. There were slight
and varying reductions at 70°F, siight increases at lower temperatures.

2. Moisture content of fiberboard at 80% r.h. conditions averaged
11.8%, that at 57% r.h. was 8.4 t 0.7%, with 14.4% from 0°F/ambient r.h.

v 3. General condition of casas was satisfactory for continued storage.
There was no can collapse, and although some moderate staining was observed
at 80% r.h., there was essentially little mold.

4. Case markings remained easily legible, with ro significant fading or
blurring.

II. Metal Cans.

1. Residual arygen in non-leaking cereal ration cans averased 5.8%
at 100°F, 10.0% at 70°, 12.9% at L0°, and 16.7% at 0°, with ranges of
about 4F around averages at the two higher temperatures.

2. A1l cans of one item (2-1/2-gallon) were leakers at 48 months, and
leakers over 3 and 4 years ranged 28% to 11¥ of the cans in six items.
Leakers in the other six items averaged 2.5% of all cans examined.

3. Corrosion in the form of rust was fairly extensive (5%-10% of
external surface) on cans from 80% r.h. conditions, moderate from lower
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humidities and tewperatures. Internal surface darkening was relatively
slight, and no can leaks have been caused by any type of corrosion.

4. There was no softening or flaking of external coatings of cans,
although moderate amounts of loosening around corroded arsas were observed
on cens from higher humidities.

III. The Rations.
A. Cereal Items

1. Seali breaks were few (.6£) in waxed paper and cellophane
packages, and ranged .0 - 11.8, with a mean 4.2% in waxed glassine. Torn
packaging material averaged slightly higher than seal breaks in waxed
peper and cellophane, and slightly less than seal breaks in the glassine

packages.

2. Broken score lines ranged 3.3 ~ 48.5, with a mean 15.2% in
crackers and 0.5 - 23.0, mean 6.5% in biscuits. Wafers averaged 26.3% and
47.3% crumbled edges. Moderate unit breakage ranged 6.4 - 29.3, mean 13.7%
for crackers, 0.3 - 22.7, mean 6.7% for biscuits, 0.0 - 0.2, mean 0.09% for
wafers., Severe breakage or crushing of units was negligible in all rations
except two cracker items which ranged 0.2 - 10.1, mean 2.6% as a result of

can damage.

3. Appearance and color by sensory evaluation were not seriously
affected by storage, although there were slight amounts of surface glaring
in all items and of fading of color in 100°F storage. There was little
evidence of darkening or browning in any ration item.

4. Hmter Color values, typically increased in L and decreased
’ in "a" gt Ldgher temperstures, were highly correlated with observed changes
. in appsarance and color.

5. Fracture strength by items ranged 1109 - 1529 grams for cracker
upits; 1072 - 2286 grams for biscuits; and 1462 - 2306 grams for wafers.
Values were relatively well related to baking, whether tender, brittle or
tough, but not to product breakage except in the toughest biscuit.

6. Moisture content varied to some extent with baking in -ackers
and biscuits, which ranged 1.6 - 3.0, mean 2.3%. Wafers were high
moisture, ranging 3.1 ~ 3.7, mcan 3.44.

7. Peroxide values, ranging 6.0 - 1.3, mean 3.5 m.eq. at 100°F
to 3.7 - 0.9, mesan 1.8% at O°F, indicated second stages of slow oxiuation.
The primary cycle, with peek values around 12 months was apparently ccmpleted
with the low values observed around the end of the seccnd year. Free fatty




acids, ranging from 0.16 - 1.04% at 100°F to 0.04 - 0.60% at O°F, varied
with items, storage temperatures, and slightly with storage time.

8. Sensory scores for texture (10-point scale) ranged 7.0 1 .6
at O°F to 5.9 t .6 at 100°F, various items being described as tougher,
harder or more brittle at higher temperatures. Aroma and flavor quality
scores averaged 3.2 range 3.. at 10C°F, 5.4 range 2.6 at 70°, and 6.6 range
1.8 at 40° and 0°. Reductions were attributed to staleness at 70°F and
rancidity at 100°F.

9. Mean hedonic ratings were 5.00 for aroma and flavor, 5.21
for palatability. The three ratings averaged 4.23 range 1.94 at 100°F,
5.29 range 1.18 at 70°, 5.62 range 0.92 at 40°, and 5.78 range 1.14 at 0°.

10. Correlations of palatabiliiy rating with measurements associ-
ated with oxygen or oxidation and with color were relatively high. Hedonic
ratings by 25 judges and sensory quality scores by 5 judges were highly cor-
related at 36 and 48 months.

B. Carbohydrate Supplements
1. Candy bags exhibited little evidence of stcrage effect except

increase from 2.5 - 5.7% in partial separation and 4.5 - 17.8% in complete
separation of seams of one item on ssam tests.

2. Physical state of the supplement remained practically unchanged,

averaging 8.9 T 4.3% chipping, 0.8 * 0.8% additional breskage, 0.5 T 0.5%
clumping, and 1.8 * 1.4%4 loose sanding sugar in the cans.

3. Appearance and color were good except at 100°F, where moderate
darkening of lemon pieces, slight fading of cherry, and variable "sugaring"
of bath types reduced quality scores to 6.3 ~ 7.1 from the 7.2 - 8.2 range
&t lower temperatures.

4. Hunter Golor values for supplements rcvealed moderate but
multi-directional temperature effects on mean difference and rank order
analyses, but generally failed to describe the candies as well as did the
taste panel judges.

5. Moisture contents, with moderate can variations, averaged
1.48, 1.65 and 1.68% for the three supplement items. Lemon type (1.76%)
and cherry type (1.60%) were different in one item only.

6. pH values averaged 6.55, 6.76, and 6.83 for the threes items

at all periods, being .34, .12, and .17 lower at 36 months. There was
1littie evidence of temperature effect on pH.
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7. Dextrose contents, means 15.8, 17.7 and 18.0%, a2 sucrose
contents, means 64.3, 62.9 and 60.9% exhibited no evidence of significant
changes with storage. Inverse correlations of dextrose with sucrose and
moisture and positive correlation of sucrose with pH were present in the
high-dextrose items.

8. Sensory quality scores for texture of the candies were -
relatively meaningless, although certain ssmples were scored down for
extra brittlemness at 100°F. Aroms scores were reduced by averages of 1.35
at 100°, 0.67 at 7C°, 0.49 at LO°F, and averaged C.35 above initisl at O°F,
because of loss of typical aroma, and development of slight "terpene" odors
at higher temperatures. Reductions of flavor scores for the same reasons
averaged 1.43 at 100°F, C.51 at 70° and 40°, and 0.36 at 0°,

9. Mean hedonic rating for aroma of the three supplements was
é. a3 , with 6.72 mesn for flavor and palatability. Temperature variations
from these averaged -0.22 at 100°7, +0.03 at 70°, +0.15 at 40°, and -H0.21
at 0°,

10. Correlations of palatability ratings with other measurements
were generally poor, and those between sensory quality and hedonic ratings
averaged only +.489. An overwll sequence of changes, such as the high
temperature-fading-oxidation~rancidity pattern in the cereal items, was
apparently not present in the carbohydrate supplements.
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and (6) moisture content, color, sensory quality, and hedonic ratings for ali
products. Resuits of all examinations of stored rations, initially and through
36 and 48 months, are discussed. /
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